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DISEASES OF TK£ EYE 


SECTION I 


ANATOMY AND PHYSIOLOGY 

s. 

CHAPTER, I 
Anatomy 

The sensory nerves of tlie body are provided with end 
organa, by means of Which they receive specific physical 
stimuli and transform them into nerve impulses. The nerves 
of the special senses are no exceptions to the rule, and the 
eye is the highly differentiated and complex end organ of 
the sense of sight. 

The wall of the globe is composed of a dense, elastic support¬ 
ing membrane (Fig. 1). The anterior part of the membrane 
is transparent—the cornea ; the remainder is opaque—the 
sclerotic. The anterior part of the sclerotic is covered by 
nfucous membrane—the conjunctiva—which is reflected from 
its surface on to the lids. 

The cornea consists of three layers : the epithelium, the 
substantia propria, and Descemet’s membrane. The epithe¬ 
lium, which is stratified, may be regarded as the continuation 
of the conjunctiva over the cornea proper. It lies upor -a 
homogeneous lamina of the substantia propria, called Bow¬ 
man’s membrane. The substantia propria may be regarded 
as the continuation forwards of the sclerotic. •Descemet’s 
membrane is a thin elastic membrane, covered on its posterior 
surface by endothelium it may bfi regarded as the continua¬ 
tion forwards of the uveal tract. We shall see that the re¬ 
lationship of the three layers is of some pathological import- 

BI8.0VXT1. 1 
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ance, for when, as is often the ease, the cornea suffers secondarily 
to some conjunctival complaint the epithelium and superficial 
layers are most likely to be affected : similarly, in diseases oi 0 
the sclerotic the substantia propria suffers most, and? in 
diseases of the uveal tract th # e endothelium, Descemet’s 
membrane, and the adjoining posterior layers of the gub- 
stantia propiia. •' 

The cornea set into the sclerotic like a. watch glass, i.er* 


c 



the sclerotic overlaps the cornea all round the periphery. The 
cornea is very richly supplied with nerve fibres derived from 
the, trigeminal. It has no blood vessels with the exception 
of minute festoons, about 1 mm. broad, at the periphery ; 
the cornea is therefore dependent for its nourishment upon 
diffusion ofr lymph, which is supplied from the conjunctival 
vessels. 

Lining the sclerotic are tavo membranes : an outer, highly 
vascular, concerned chiefly in the nutrition of the eye, and 
comprising the greater part of the uveal tract; and an inner, 
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nervous, the true visual nerve ending, concerned in the 
reception and transformation of light stimuli, and called the 
^retina. 

'Hie uveal tract consists of three parts, of which the two 
posterior, the choroid and "ciliary body, line the sclerotic 
whi[e the anterior forms a free circular diaphragm, the iris. 
The plane of the iris is approximately coronal: *the aperture 



Fig. 2.—Anglo of the anterior chamber. A, cornea; B, canal of 
Sohlemm, which appears as several small spaces in the^sclerotic just 
* outside the ligamontum pootinatum iridis ; it thus consists of 
irregular anastomosing venous channels which are cut aorrwrs in the 
section; C, ciliary muscle; D, circulus arteriosus iridis major ; 
E, iris; F, ciliary processes. 


of the diaphragm is the pupil. Situated behind the iris and in 
contact with the pupillary margin is the crystalline lens.’ 

The anterior chamber is a space filled with lymph, the 
aqueous htMOitr ; it is bounded in front by the cornea, behind 
by the iris and the part of the anterior surface "Of the lens 
which is exposed in the pupil. The sclerotic enters into the 
boundaries of the anterior chamber at the part which is 
known as the angle of the anterior chamber (Fig. 2). In the 
inner layers of the sclerotic at this part there is a network 

1—3 
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of venous spaces which is called the canal of Schlemm. At 
the periphery, just anterior to the canal of Schlemm, Desce- 
met’s membrane splits up into fibrillae, which are continuous 
with a meshwork of fibres stretching between the sclerotic 
and the iris, and kndwn as the ligamentum pectinatum iridis. 
These fibres are covered by endothelium, which is continuous 
with that lining the cornea and also with that covering the 
iris. The spaces in the network of the ligamentum pecti* 
natum iridis are called the spaces of Fontana: they *are much 
better developed \n lower mammals than in man. The tissue 
separating the ligamentum pectinatum from the canal of 
Schlemm is somewhat denser, and there is no free communr 
cation between the anterior chamber and the venous pleais, 
a thin membrane, covered on each surface by endothelium, 
being interposed. We shall see that a thorough knowledge 
of the anatomy of the angle of the anterior chamber is essential 
to the proper understanding of several pathological problems, 
especially that of glaucoma. 

The anterior chamber is about 2’5 mm. deep in the centre 
in the normal adult: it is shallower in very young children 
and also in old people. 

The uveal tract, as already mentioned, consists of the iris, 
the ciliary body, and the choroid, from before backwards. 

The iris is composed of a stroma, consisting of branched 
connective tissue cells, usually pigmented, but unpigmented 
in blue irides, and containing a rich supply of blood vessels 
which run in a radial direction. The stroma is covered on its 
posterior surface by two layers of pigmented epithelium, which 
properly belong to the retina and are therefore called the pars 
iridica retina , or pars retinalis iridis. The anterior layer con¬ 
sists^ of flattened cells, which are very firmly attached to the 
stroma, the posterior of cubical cells, not so firmly attached\o 
the anterior layer. Near the pupillary margin and concentric 
with it is a bundle of unstriped muscle fibres, the sphincter 
iridis. Associated with the anterior pigment epithelial cells 
there are fibres, arranged radially, which act as a dilatator 

The anterior surface of the iris is covered with a single layer 
of endothelium, except at some minute depressions or crypts 
which are fcund most at the ciliary border. Here the lymph 
spaces between the stroma cells communicate directly with 
the* anterior chamber : thfb is probably a device for ensuring 
rapid transference of lymph from the iris to the anterior 
ohamber and vice versd, so as to facilitate quick movements of 
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the pupil in response to variations in the intensity of the light 
falling upon the eye. The iris is thinnest at its attachment to 
*fche ciliary body, so that if torn it tends to give way here. 

The iris is richly supplied by sensory nerve fibres derived 
from the trigeminal, a fact which it is important to remember, 
sine® touching <fr cutting the iris, especially if it is inflamed, 
is intensely painful. The sphincter iridis is supplifed by motor 
irerve fibreB derived from the oculomotor newe, whilst the 
motor fibres of the dilatator iridis are derived from the cervical 
sympathetic nerve. 

The ciliary body in antero-posterior section is shaped roughly 
Itke an isosceles triangle, with the base forwards. The iris 


Cojial of 
Schbunm 


Meridional fibres 
(drdcJces muscle) 



Crypts & folds 

y< \ 


~ Cirra/m art trulis major 


Cdiary processes 
pars jiUrata. 


Circular fibres 
(Matters muscle} 


' pars ptajia 


— - Ora s errata 


Pig. 3.— Diagrammatio meridional section of the ciliary body. Note 
that the sclerotic overlaps the cornea, as shown by the shading. 


is # attached to about the middle of the base, so that a small 
portion of the ciliary body enters into the posterior boundary 
of the anterior chamber at the angle (Fig. 3). The chief mass 
of the ciliary body is composed of unstriped muscle fibres, 
the ciliary muscle. This consists of two parts, an outer, in 
contact with the sclerotic, consisting of antero-posteripr or 
meridional fibres, and an inner, consisting of fibres running at 
right angles to the former, arranged in a circle in the anterior 
part concentric with the base of the iris. The meridional fibres 
can be traced far back, well into the choroid, and are inserted 
anteriorly into a “ spur ” of the sclerotic, traction upon which 
by the muscle is thought to open up the canal of Schlemm. 

If an eye is cut in half in an antero-posterior direction and 
the inner surface of the ciliary body is inspected, it will be 
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noticed that the anterior part has a number of folds upon it, 
while the posterior part is smooth. The anterior part is, there¬ 
fore, called the pars plicata, the posterior, the pars plana.* 
If the plications are ^counted with the naked eye or under 
slight magnification, it will be found that there are about 
seventy in the whole circumference. If znicro&copieal sections 
are examined, innumerable smaller plications and processes, 
the ciliary processes, will be seen upon the pars plicata. These* 
contain no part of the ciliary muscle, but consist essentially 
of tufts of blood vessels, not unlike the glomeruli of the kidney. 
They are covered upon the inner surface by two layers of 
epithelium, which belong properly to the retina, and are hencf 
called the pars ciliaris retince. As in the pars iridica retirffce, 
the outer layer, corresponding with the anterior in the iris, 
consists of flattened cells, the inner of cubical cells, but unlike 
what obtains in the iris, they are not both pigmented, but 
only the outer layer. 

The ciliary body extends backwards as far as the ora serrata, 
at which point the retina proper begins abruptly ; the transi¬ 
tion from ciliary body to choroid, on the other hand, is gradual, 
though this line is conveniently accepted as the limit of the 
two structures. The ora serrata is slightly more anterior on 
the nasal than on the temporal side. 

The ciliary body is richly supplied with sensory nerve fibres 
derived from the trigeminal, so that great pain results from 
injury or acute inflammation. The ciliary muscle is supplied 
with motor fibres from the oculomotor nerve. 

The choroid is an extremely vascular membrane in contact 
everywhere with the sclerotic, though not firmly adherent to 
it, so that there is a potential space between the two struc- a 
tures, which acts as a lymph space (Fig. 4). On the inner 
side, the choroid is covered by a thin elastic membrane, the 
lamina vitrea , or membrane of Bruch. The blood vessels of the 
choroid increase in size from within outwards, so that imme¬ 
diately beneath the ‘membrane of Bruch there is a capillary 
plexus, the choriocapillaris. Following upon this is the layer 
of medium-sized vessels, while most external are the large 
vessels. The vessels are held together by a stroma consisting 
of branched pigmented connective tissue cells. It is easy to 
remember that the capillaries are innermost, because one of 
the chief functions of the choroid is to nourish the outer layers 
of the retina. 

The choroid is supplied with sensory nerve fibres from the 
trigeminal. 
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The retina proper corresponds in extent with the choroid, 
which it lines. As already mentioned,.however, and as shown 
%by embryological research, it is continued forwards as a double 
layfer of epithelium as far as the edge of the pupil. If the two 
layers of epithelium are traced backwards, the anterior layer 
in hhe iris is found to be continuous with the outer layer in the 
ciliary* body, and this again is continued into tfie hexagonal 
’pigment epithelium, which covers the membrane of Bruch. 
Similarly, the posterior layer in the iris, although pigmented, 
passes into the inner unpigmented layer of the ciliary body, 
and this suddenly 


changes at the ora 
strata into the 
highly complex & 
* retina proper. 

The retina pro¬ 
per consists of a c/ t 
number of layers. 

Most external, in 
contact with the 
pigment epithe¬ 
lium, is a neural 



epithelium, the 
rods and cones 
(Fig. 4). Follow¬ 
ing this, in order 
from without in¬ 
wards, are the 
outer nuclear, the 
outer reticular, 
the inner nuclear, 
tne inner reti¬ 
cular, the gang¬ 
lion cell, and the 


Fig. 4. —Diagrammatic section of retina, choroid, 
and sclerotic at posterior pole of Ihe eye. R, re¬ 
tina, with /, fovea centralis : a, internal limiting 
membrane; 1 , nerve fibre layer , 2, ganglion cell 
layer; 3, internal reticular layer; 4, internal 
nuclear layer; fi, external reticular layer; 
6, external nuclear layer; b, external limiting 
membrane; 7, rods and cones ; 8, retinal pig¬ 
ment epithelium. C'h., choroid: c, membrana 
vitrea. or membrane of Bruch ; 9, choriocapillaris ; 
10, layer of medium-sized vessels or Sattler’s 
layer ; 11, layer of large vessels or Haller’s layer. 
Scl., sclerotic, with 12, lamina fusca eft its inner 
surface. 


nerve fibre layers. These special nervous constituents are 
bound together by neuroglia, the better developed vertical 
strands being called the fibres of Muller. The interlacement 
of neuroglial fibrils on the outer side forms a sort of 
membrane which acts as a basement membrane for the rods 


and cones, the outer limiting membrane. Similarly on the 
inner side the bases of Muller’s fibres spread out and form an 
inner limiting membrane upon ‘ the inner surface of the 
nerve fibre layer. Here the retina is in contact with the 
vitreous, which is generally said to have an extremely delicate 
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bounding membrane, the hyaloid membrane : this is probably 
only the denser outer lawyer of the vitreous gel, often modified 
by reagents. r 

At the optic disc the fibres of the nerve fibre layer pass into 
the optic nerve, the other layers bf the retina stopping short 
abruptly at the edge of the porus opticus. * 

At the posterior pole of the eye, which is situated «about 
3 mm. to the ^temporal side of the optic .disc, a specially' 
differentiated spot is found in the retina of higher mammals 
(man and monkeys), the fovea centralis. As its name implies, 
it is a depression or pit, and here only cones are present in the 
neuro-epithelial layer and the other layers are almost com-* 
pletely absent. The fovea is the most sensitive part of the 

retina, and. it is sur¬ 
rounded by a small 
area, the macula lutea, 
or yellow spot, which, 
though not so sensitive, 
is more so than other 
parts of the retina. It 
is here that the nuclear 
layers become gradually 
thinned out, while on 
the other hand parts 
of the reticular layers 
are specially in evi¬ 
dence : the ganglion 
cells too, instead of 
consisting of a single 
row of cells, are heaped 
up into several layers. There are no blood vessels in the 
retina at the macula, so. that its nourishment here is entirely 
dependent upon the choroid (Fig. 5): by way of compensation 
the meshes of the capillary network of the choriocapillaris 
are particularly small.here. 

The so-called optic nerve is really a lobe of the brain, and 
therefbre belongs properly to the central nervous system. 
Embryological and morphological investigations show that 
the bipolar cells of the retina, the nuclei of which are in the 
inner nucleate layer, probably correspond with the cells in the 
dorsal root ganglion of an ordinary sensory nerve (neurones of 
the first order). Similarly, the ganglion cells correspond 
morphologically with the cells of the nucleus gracilis, or 
nucleus cuneatus (neurones of the second order). Hence the 



Fiq. 5.— Blood vessels in the macular region 
of tho human retina. (Nettleship.) The 
central gap corresponds with the fovea 
centralis. N, nasal side; T, temporal 
side; A, arteries ; V, veins. The meshes 
are much smaller than at the periphery of 
the retina. 
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part of the visual nervous mechanism which corresponds with 
an ordinary peripheral sensory nerve is a microscopic cell with 
% its processes situated within the retina itself. All the re¬ 
minder is really part of the central nervous system, and we 
shall see that it responds to pathological processes more like 
thfj central thali the peripheral nervous system. 

The porus opticus is the aperture in the sclerotic through 
* which the optic nerve passes. It varies much in shape in 
different cases, but in all it is traversed by a transverse net¬ 
work of connective tissue fibres containing much elastic tissue, 
the lamina cribrosa. The fibres of the nerve fibre layer of 
•the retina pass through the meshes of the lamina cribrosa, and 
dh the posterior side they suddenly become surrounded by 
medullary sheaths. These nerve fibres, which comprise the 
greater number of the nerve fibres in the so-called optic nerve, 
are the axis cylinder processes of the ganglion cells of the 
retina. They are therefore afferent or centripetal fibres, but 
the optic nerve also contains a few efferent or centrifugal 
fibres. 

The lens is a biconvex mass of peculiarly differentiated 
epithelium. It will be remembered that it is developed from 
an invagination of the epidermal epiblast of the foetus, so 
that what was originally the surface of the epithelium comes 
to lie in the centre of the lens, the peripheral cells correspond¬ 
ing with the basal cells of the epidermis. Just as the epidermis 
grows by the proliferation of the basal cells, the old super¬ 
ficial cells being cast off, so the lens grows by the proliferation 
of the peripheral cells. The old cells, however, cannot be cast 
off, but undergo change (sclerosis) analogous to that in the 
stratum granulosum of the epidermis, and become massed 
together in the centre or nucleus : moreover the newly formed 
cells elongate into fibres, the lens fibres, which have # a rather 
complicated arrangement. Without going into details, it is 
important to bear in mind that the nucleus of the lens consists 
of the oldest cells and the periphery or cortex of the youngest. 
Further, it must be pointed out that at an early stage the 
productive basal cells become limited to a single row of cubical 
cells covering the anterior surface. The mass of epithelium 
which constitutes the lens is surrounded by a hyaline mem- 
brane, the lens capsule, which is thicker over the interior than 
over the posterior surface (v. p. 50 ; Fig. 48); it is a cuticular 
deposit secreted by the epithelial cells. 

The lens in foetal life is almost spherical; it gradually 
becomes flattened so as to assume the biconvex shape. It is 
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held in place by the suspensory ligament or zonule of Zinn. 
This is not a complete,membrane, but consists of bundles of 
fibrils, which pass from the surface of the ciliary body to the # 
capsule. The flattening of the lens is due to these fibtils 
becoming more and more stretched as the eye grows. The 
fibrils pass in various directions and the various bundles often 
cross one another. Thus the most posterior arise from the 
pars plana of \he ciliary body almost as far- back as the ora* 
serrata ; these lie in contact for a considerable distance with 
the ciliary body and then curve towards the equator of the 
lens to be inserted into the capsule ; most are inserted slightly 
anterior to the equator. A second group of bundles spring^ 
from the summits and sides of the ciliary processes, i.e fftr 
forwards, and passes backwards to be inserted into the lens 
capsule, slightly posterior to the equator. A third group passes 
from the summits of the processes almost directly inwards to 
be inserted at tjie equator. 

It will be noticed that there is a somewhat triangular space 
between the back of the iris and the anterior surface of the 
lens, having its apex at the point where the pupillary margin 
comes in contact with the lens; it is bounded on the outer 
side by the ciliary body. This is the posterior chamber: it 
contains lymph of the same nature as the aqueous. 

Behind the lens is the large vitreous chamber, containing 
the vitreous humour. This is a jelly-like material—in fact, it is 
probably an inert structureless gel—containing a few cells and 
wandering leucocytes. The fibres seen in histological sections 
are probably artefacts except in pathological conditions. As 
in other gels the concentration of the micellae on the surface 
gives rise to the appearance of a boundary membrane in 
sections—the so-called hyaloid membrane. , 

The Blood Supply op the Eye 

_ingement of the blood vessels which supply the eye 

is peculiar, and is of great importance in considering patho¬ 
logical conditions. 

The arteries of the eye in man are all derived from the 
ophthalmic artery, which is a branch of the internal carotid. 
The ophthafenic artery has very few and insignificant anasto¬ 
moses, so that on the arterial side the ocular circulation is an 
offshQot of the intracrnial* circulation. This is not the case 
to so marked a degree of the venous outflow of the eye. While 
in man most of the blood passes to the cavernous sinus by 
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way of the ophthalmic veins, yet it must be remembered that 
these anastomose freely in the orbit, the superior ophthalmic 
vein communicating with the angular vein at the root of the 
nose, and the inferior ophthalmic vein with the pterygoid 
plexus. Hence too great-stress must not be laid upon the 
circulation in,the retina as a guide to the condition of the 
intracranial circulation, as has been done in the past. 

► The retina is supplied by the central artejy, which enters 
the neiye on its lower surface, 16—20 mm. behind the globe. 
The central artery divides on or slightly posterior to the surface 
of the disc into the main retinal trunks, which will be eon- 
» sidered in detail later (Plato I.). The retinal arteries are end- 
arteries and have no anastomoses at the ora serrata. The 
only place where the retinal system anastomoses with any 
other is in the neighbourhood of the lamina cribrosa. The 
veins of the retina do not accurately follow the course of the 
arteries, but they behave similarly at the disc, uniting on or 
slightly posterior to the surface of the disc to form the central 
vein of the retina, which accurately follows the course of the 
corresponding artery. 

The uveal tract is supplied by the ciliary arteries, which 
are divided into three groups—the short posterior, the long 
posterior, and the anterior (Plate II. ; Fig. 6). The short 
posterior ciliary arteries, about twenty in number, pierce the 
sclerotic in a ring around the optic nerve, running perpendi¬ 
cularly through the sclera, to which fine branches are given 
off. The long posterior ciliary arteries, two in number, pierce 
the sclerotic slightly farther away from the nerve, in the hori¬ 
zontal meridian, one on the nasal, the other on the temporal 
side. They traverse the sclerotic very obliquely, running in it 
for a distance of 4 mm. The anterior ciliary arteries are 
derived from the muscular branches of the ophthalmic artery 
to the four recti. They pierce the sclerotic 5 or 6 mm. behind 
the limbus or corneo-scleral margin, giving off twigs to this 
region, to the conjunctiva and sclerotic. 

The ciliary veins also form three groups—the short posterior 
ciliary, the venae vorticosae, and the anterior ciliary. The 
short posterior ciliary veins are unimportant; they do not 
receive any blood from the choroid, but only from the sclerotic. 
The venae vorticosae are the most important, consisting usually 
of four large trunks which open into the ophthalmic vein. 
They enter the sclerotic rather behind the equator of the globe, 
two above and two below : they pass very obliquely through 
the sclera. The anterior ciliary veins are smaller than the 
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corresponding arteries, since they receive blood only from the 
outer part of the ciliary muscle. 

Of these ciliary vessefs the short posterior ciliary arteries 
supply the whole of the choroid, being reinforced anteriorly 



Fig. 6.—Blood vessels of the human uveal tract, injected, from the 
optic disc to the edge of the iris. (After Leber.) Arteries, black ; 
veffiis, paler. Running up the centre is a long posterior ciliary artery. 
Two vorticose veins and their tributaries are seen. The capillaries 
are only partially filled in. 
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by anastomosis with recurrent branches from the ciliary body. 
The ciliary body and iris are supplied by the long posterior 
and anterior ciliary arteries. The blood from the whole of the 
uvfeal tract, with the exception of the ciliary muscle, normally 
leaves the eye by the venae vorticosae only. 

The two long posterior ciliary arteries pass forwards between 
the choroid and the sclerotic, without dividing^ as far as the 
posterior part of the ciliary body. Here eaih divides into 
two branches (Fig. 6): they run forwards in the ciliary 
muscle, and at its anterior part bend round in a circular direc¬ 
tion, anastomosing with each other and thus forming the 
•circulus arteriosus iridis major. This is situated in the ciliary 
bbdy at the base of the iris : from it the ciliary processes and 
iris are supplied. Other branches from the major arterial 
circle run radially through the iris, dividing dendritically and 
ending in loops at the pupillary margin. A circular anasto¬ 
mosis takes place a little outside the pupillary margin, the 
circulus arteriosus iridis minor. 

The tributaries of the vorticose veins, which receive the 
whole of the blood from the choroid, are arranged radially, 
the radii being bent, so as to give a whorled appearance— 
hence their name. The veins of the iris are collected into 
radial bundles which pass backwards through the ciliary body, 
receiving tributaries from the ciliary processes. Thus rein¬ 
forced, they form an immense number of veins running back¬ 
wards parallel to each other through the smooth part of the 
ciliary body. After reaching the choroid they converge to 
form the large anterior tributaries of the vorticose veins. The 
veins from the outer part of the ciliary muscle on the other 
hand pass forwards and unite with others to form a plexus, 

3 art of which is the so-called canal of Schlemm. These vessels 
rain into the anterior ciliary veins. The marginal,loops of 
the cornea and the conjunctival vessels are branches of the 
anterior ciliary (Plate II.}. 



CHAPTER II 


Physiology 

In order that the eye may satisfactorily perform its duties 
as an organ of vision it is essential that a sharp image of 
objects in the outer world shall be formed upon the retina. * 
This is effected by means of a series of curved surfaces, anft 
the curvature of these surfaces and their relative positions 
to each other must be kept constant. For this purpose it 
is necessary that the walls of the globe should be kept 
stretched. « 

If a small canula connected with a narrow-bored mercury 
manometer is pushed into the anterior chamber or into the 
vitreous of an animal it will be found that the mercury in the 
manometer will rise about 25 mm. (Fig. 7). In other words, 
the contents of the eyeball, which are for the most part 
fluid, exert a pressure upon the inner side of the walls which 
is about 25 mm. of mercury greater than the atmospheric 
pressure which falls upon the outside of the walls; the walls 
are thus kept well stretched. 

This pressure inside the eye is called the intraocular pressure, 
or the tension, of the eye. (These terms are used indiscrimi¬ 
nately, though it is not quite accurate to do so.) It is obvious 
that it must be the fluid constituent of the contents of the 
globe which keeps up the internal pressure. This fluid 
fills the interior and posterior chambers and permeates the 
vitreous. It is comparable to the lymph which bathes the 
tissues in other parts of the body, and it is indeed the 
lymph of the eye. In other parts of the body the chief 
function of the lymph is to carry food material to the tissue 
cells, and to carry away the effete products of the cell meta¬ 
bolism. It has a further function of keeping up the normal 
tissue tension. Both of these functions attain an unusual 
degree of importance in the case of the eye. We have already 
seen the necessity for keeping up the normal tension of the eye. 
As regards the nourishment of the cells, our review of the 
anatomy of the eye has shown that there are large areas, 
notably the whole of the lens and the vitreous, which possess 
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no blood supply. They are dependent entirely for their 
nutrition upon the lymph. 

If water were to be forced into an impermeable elastic bag, 
the internal pressure might be kept indefinitely above the 
pressure upon the outside frf the bag. • Such an arrangement 
for keeping up. the intraocular pressure would be unsatisfac¬ 
tory owing to the function 
of the lymph in nutrition. 

The stagnant fluid would 
soon lose all its food 
material, which would be 
,used up, and it would be- 
qpme loaded with the ex¬ 
creted products of the cells, 
which would have a very 
deleterious effect upon 
them. Hence it is essential 
that the lymph shall be 
constantly renewed. This 
occurs in the eye. The 
lymph is continually being 
renewed, but at the same 
.time it is equally rapidly being removed, and thus the amount 
present is kept constant. 

Of recent years the views of physiologists on the formation 
of lymph in the different tissues of the body have undergone 
great modification. It was natural that at first lymph 
formation should be regarded as a true secretion (Heidenhain). 
The typical example of secretion is the salivary gland. Here 
it is possible by stimulation of secretory nerves to obtain 
saliva at a pressure far exceeding that of the highest local 
intravascular pressure. The gland cells are doing work which 
cannot be accounted for by the ordinary physical* laws of 
filtration and osmosis. Evidence of secretory nerves for lymph 
formation in the eye, as elsewhere, has proved negative. More¬ 
over, it has been shown that the facts, both experimental and 
pathological, are not inconsistent with explanation on purely 
physical, “ biophysical ” and biochemical grounds. 

Starling first produced definite evidence that lymph forma¬ 
tion in the tissues could be explained by a simple process of 
filtration from the capillaries, the relations between the intra¬ 
capillary and the lymph pressure, and the chemical constitu¬ 
tions of the lymph being in accord with this view. Leber 
arrived at the same conclusion with regard to the eye. 



Fig. 7.—Diagram of manometer placed 
in communication with anterior 
chamber, showing that the normal 
intraocular pressure is about 25 mm. 
of mercury. 
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The advances of biophysics and biochemistry, however, have 
shown that this view must be modified. It has now been 
shown that many of th'e conditions of lymph production are 
consistent with the view that lymph is a simple dialysate frpin 
the blood plasma, and*that the differences in constitution and 
pressure which obtain in different tissues may, be due simply 
to the relative permeabilities of the dialysing membrane, i.e., 
the capillary ^ylls. These results, important as they are, do not . 
of course solve the problem, for it still remains to account for 
the varying permeability of the capillary walls. 

Moreover the composition and character of the intraocular 
fluid do not conform precisely with the requirements of, 
a simple dialysate. It is to be remembered that in tli£ 
formation of the aqueous, fluid has not only to pass through 
the capillary walls (the blood tissue barrier) but also the 
membranes and cellular layers separating the tissues essen¬ 
tially the uveal tract—from the chambers of the eye (the 
tissue-aqueous barrier). The existence of such membranes 
is proved, but about their properties or activities little 
is known, and whether these are governed by passive physico¬ 
chemical forces or arc supplemented by active “secretory ” 
processes has yet to be determined. 

The fundamental fact is that the normal intraocular pressure, 
as shown by the manometer, is from 20 to 25 mm. Hg. above the 
atmospheric pressure. How is this brought about and main¬ 
tained ? The most obvious source of energy is the blood 
pressure derived from the heart beat. The first step is therefore 
to enquire into the hydrostatic conditions of the intraocular 
circulation. The blood in the human eye is derived entirely 
from the internal carotid artery. The pressure in this artery 
is very little less than that in the brachial artery—diastolic/ 
systolic, 60-80/110-125 mm. Hg. The diastolic pressure in the 
ophthalifiic artery can be measured in animals by increasing 
the intraocular pressure until the pulsation of the retinal 
arteries is maximal, the systolic by further increasing the 
pressure until the pulsation is abolished. It is found to be 
diastolic/systolic, 60-70/95-115 mm. Hg. 

The pressure in the intraocular arteries has been measured 
by introducing a micropipette containing methylene blue into 
a retinal artery by the aid of a micro-manipulator, and 
ophthalmoscopic observation. The pipette is connected with 
a manometer, and fluid is forced in until it just appears in the 
vessel. Average pressures were : diastolic/systolic, 64/88 mm. 
Hg. (Duke-Elder). 
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Average results gave a mean fall of only about 10 mm. Hg. 
from carotid to ophthalmic artery, and of 25 mm. Hg. in the 
first branching in the eye, i.e. } 25 per cent, of the total 
pressure. The intraocular pressure shows a further fall of 
54 mm. Hg. 

In order that the circulation may be maintained it is clear 
that the lowest intraocular venous pressure must exceed the 
intraocular pressure. The difference, measure#. by the micro¬ 
pipette,, is only about 2 mm. Hg. (Duke-Elaer). A similar 
difference is found in Sclilemm’s canal. 

The blood vessels of the eye are subject to variations in 
i calibre as in other parts of the body. Theqie are not merely 
passive as would be the case if the eyeball were a rigid closed 
box. There is definite proof that the intraocular arterioles 
are under the control of vaso-constrictor fibres derived from 
the cervical sympathetic, but there is no evidence of the 
existence of vaso-dilatator fibres. Vaso-motor changes, how¬ 
ever, have been proved to be due to the liberation of substances 
which act upon the neuro-myal junction. In the case of sympa¬ 
thetic fibres the substance is adrenaline or a nearly allied 
substance; in that of the parasympathetic Bystem acetyl¬ 
choline or an allied substance. Vaso-dilatation, however, can 
be brought about indirectly by antidromic impulses in sensory 
nerves (Bayliss), and by axon reflexes. These lead to the 
liberation of histamine or an allied substance, which causes 
relaxation of the smaller vessels and capillaries. 

There is no means of measuring the intracapillary pressure 
within the eye directly. The old view that variations in the 
calibre of the capillaries is passive owing to changes in the 
calibre of the arterioles has been profoundly modified by the 
researches of Krogh, Dale, Landis and others, who have 
Shown that relatively enormous variations in capillary pressure 
occur, both rapidly and in neighbouring areas, and that these 
are brought about chiefly by dynamic changes in the size of 
the capillaries, probably effected by Rouget’s cells and by local 
chemical changes due to acetylcholine or histamine. The local 
effect of histamine, liberated by irritation of the fifth nerve 
endings, and the more distant effect due to axon reflexes 
(which is abolished by cocaine) have been proved to occur in 
the iris by Duke-Elder. Great variations in intracapillary 
pressure between the limits of 70-80 mm. Hg. (arterial) and 
20-25 mm. Hg. (venous) are possible, and it may be that in 
some circumstances it rises as high as 50 mm. Hg. 

Vaso-dilatation produced by histamine cannot be counter- 
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acted by vaso constrictors, such as adrenaline: moreover, it 
causes marked increase in the permeability of the capillary 
walls, as evidenced by wheals in the skin, etc. This increased 



Pig. 8. —Tracing of right carotid blood pressure, intraocular pressure 
from canula in anterior chamber of left eye of a dog, which was fully 
under the influence of morphia, A.C.E. mixture, and curare. Stimula¬ 
tion of the vasomotor centre, showing that the intraocular pressure 
follows passively all the changes in the general blood pressure as 
produced by Traube-Hering curves and constriction of the arterioles 
of the splanchnic area. 

permeability is of great pathological importance, accounting 
for ptasmoid exudates in inflammatory conditions, etc.: it 
may be beneficial, opening the gate for the passage of immune 
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bodies, all of which are large-moleculed colloids, and some 
drugs ( e.g., arsenic compounds). 

Manometric observations show that in general the intra¬ 
ocular pressure follows changes in the general blood pressure 
passively (Fig. 8). Thus *he large rises of blood pressure 
produced by stimulation of the vaso-motor centre, splanchnic 
nerves, asphyxia, injection of nicotine or adrenaline, etc., are 
reflected in the intraocular pressure curve. Tiie parallelism, 
however is not absolute, as was shown long ago by the proof 
of the existence of vaso-constrictor nerves and the local effects 
of adrenaline. Perfusion experiments on the isolated head 
•have revealed other local effects due to axon reflexes, chemical 
stibstances such as choline, histamine, drugs, etc. Probably most 
of these effects are due to changes in the capillary circulation. 

The intraocular fluid differs from lymph in other tissues of 
the body in its remarkable poverty in proteins. In still greater 
degree does it differ thus from the blood plasma, but the 
differences are purely quantitative, all the constituents of the 
blood plasma being present in the aqueous. The proteins are 
very much reduced (0-2 per cent, as compared with 7*36 per 
cent, in serum), much more so than in any other tissue lymph ; 
but the relative proportions of globulin to albumin are the 
same as in the plasma. Non-dissociated diffusible substances, 
such as sugar, urea, etc., are equally partitioned between 
aqueous and plasma. Dissociated diffusible substances, e.g., 
metallic salts, which are split up into electrically charged ions 
in solution are unequally distributed, the cations being in less 
and the anions in greater concentration in the aqueous. The 
greater concentration of chlorides has long been known and 
should have attracted greater attention by the advocates of 
jjhe filtration theory, since it militates against that theory. It 
is however consistent with the dialysation theory, negatively 
charged ions being driven through the capillary membrane in 
order to maintain thermodynamic equilibrium with positively 
charged colloid ions (proteins) in the blood. For the same 
reason the aqueous is slightly more acid than the plasma 
(pH 7*2 : 7*3). The plasma exerts an osmotic pressure of 
20-30 mm. Hg. greater than the aqueous owing to the excess 
of non-diffusible colloids in it. 

What may be called the static intraocular pressure is there¬ 
fore the resultant of the intracapillary blood pressure minus 
the difference between the osmotic pressures of aqueous and 
plasma (e.g., 50 mm. Hg. — 30 mm. Hg. = 20 mm. Hg.). The 
intraocular pressure however is never static. It follows 
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passively normal changes in the blood pressure due to the 
pulse wave and respiration. It undergoes large rises due to the 
activity of the extrinsic ocular muscles and the movements of 
the lids, especially of the orbicularis palpebrarum. Lafrge 
changes in the generaf blood pressure are accurately reflected 
in it except in so far as they are modified by local vasomotor 
or chemical effects. If, however, the general changes persist, 
as in cases of High blood pressure, compensation occurs and the 
intraocular pressure resumes its normal level. Convection 
currents are also set up in the anterior chamber owing to the 
difference in temperature between the iris and cornea, the 
aqueous moving.upwards in front of the iris and downwards* 
behind the cornea. These currents can be seen with the sift 
lamp (vide p. 97) when, as is often the case, the aqueous 
contains particles in suspension. 

The atomic and molecular changes which have already been 
discussed are therefore associated with molar movements which 
alter the local *hydrostatic conditions. These are specially 
marked under abnormal conditions. If the aqueous is 
evacuated, e.g., by paracentesis (vide p. 209), the capillaries 
dilate, the walls become more permeable and filtration of fluid 
takes place. The fluid thus formed more nearly resembles the 
blood plasma in containing more protein than the normal 
aqueous. Tf again the eye is massaged the intraocular pressure 
falls. Seeing that this pressure is dependent upon the volume 
of the contents of the globe and the other conditions are not 
materially altered, the fall of pressure must be due to expulsion 
of fluid from the eye. There is therefore some mechanism for 
the filtration of fluid out of the eye. Cases of secondary 
glaucoma (vide p. 280) indicate the chief site of filtration out 
of the eye, for in them the angle of the anterior chamber iij 
blocked . m There can be no doubt that the rise in intraocular 
tension which occurs in secondary glaucoma is due to blockage 
of this filtration angle, whereby the aqueous is denied free 
access to the canal of Schlemm. 

It has been shown that if the intraocular pressure is raised 
so as to exceed that of the intravenous pressure, the veins 
collapse. This results in a reflex rise of intravascular pressure 
so that the circulation is restored. This process may in some 
cases be repeated until the intraocular pressure equals the 
arterial pressure, when the circulation stops. The canal of 
Schlemm, however, is a venous channel in the substance of the 
cornea and therefore does not collapse even when the intra¬ 
ocular pressure is moderately raised. Filtration can therefore 
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occur through its inner wall—unless the latter is rendered 
impermeable by adherent iris, etc.; an exit is thus provided for 
vthe excessive fluid and the normal intraocular pressure is 
restored. The meridional fibres of the ciliary muscle {vide 
p. 5, Fig. 3) are inserted anteriorly into & scleral “ spur,” and 
there is reason to think that when this muscle contracts in 
accommodation it pulls this spur backwards, thus tending to 
keep the canal of Schlemm open. 

The permeability of the capillaries is increased in inflamma¬ 
tory conditions, e.g., iridocyclitis (vide p. 256), and a plasmoid 
lymph, rich in protein, is formed. This causes a rise in intra¬ 
ocular pressure, and there can be little doubt that since in 
tlftse cases the filtration angle is not otherwise obstructed 
and is indeed generally abnormally open the high tension is 
due to the difficulty of filtration of the large molecular colloid 
proteins into the canal of Schlemm. 

We may therefore conclude that both dialysation and 
filtration play their parts in the formation and‘disposal of the 
intraocular fluid and the maintenance of the intraocular pres¬ 
sure. They do not suffice to explain all the facts of normal 
and abnormal intraocular pressure. The dialysation theory 
alone has to fall back upon the variable permeability of the 
capillary walls in the various tissues of the body to explain the 
differences of lymph pressure and constitution; and this 
variable permeability is at present only explicable on 
teleological grounds. Moreover, it must be supplemented by 
a fuller knowledge of the membrane-system forming the 
barrier between the vascularized tissues and the chambers of 
the eye. 



CHAPTER III 


Elementary Optics 

It lias already been stated that sharp images of external 
objects must be formed upon the retina if the latter are to be 
seen clearly. Before considering how this is effected it will be 
advisable to refresh the reader’s memory of the elementary 
principles of optics. I would seriously impress upon the student 
that success in the diagnosis, and hence in the treatment, of 
diseases of the eye is impossible if such elementary principles 
of optics as are set forth here are not thoroughly mastered. 

If white light" such as sunlight, is passed through a suitable 
prism or diffraction grating a spectrum is formed, consisting of 
rays differing from each other in wave-length. Of these certain 
are visible and appear to the majority of people as pure colours, 
viz., red, orange, yellow, green, blue, and violet in the order 
named, the red having the longest and the violet the shortest 
wave-length. The visible spectrum extends from about 723 mi 
at the red end to 397 mi at the violet end, or roughly from 700 mi 
to 400 fim Beyond the red end are infra-red rays of greater 
length which, when absorbed, cause a rise in temperature and 
are commonly known as heat rays. Beyond the violet end are 
waves of smaller length, the ultra-violet rays, which are capable 
of causing chemical action. The longer visible rays also cause 
a rise in temperature, and the visible rays are also actinio, though 
less so than the infra-red and ultra-violet respectively. Gla§s 
absorbs •some of the heat rays and many of the ultra-violet. 
Prisms and lenses made of quartz allow most of the ultra-violet 
rays to pass unimpeded. The media of the eye are uniformly 
permeable to the visible rays between 660 fifi and 390 n/i. With 
regard to ultra-violet rays, the cornea absorbs all rays beyond 
296 fifi, the lenB all rays beyond 350 fip, the vitreous shows an 
absorption band with its maximum at 270 ju/x (E. K. Martin), 
Rays between 400 mi and 295 pn can therefore reach the lens, 
those between 400 mi and 350 pp can reach the retina in the 
normal eye, and those between 400 pp and 295 pp can reach the 
retina in the aphakic eye. Whenever absorption ooours there 
is the possibility of pathological changes resulting. Sunlight at 
the lower sea-levels is poor in ultra-violet rayB, which fall off 
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rapidly in intensity beyond 380 fifu Ordinary glass used for 
spectacles absorbs rays beyond 350 up. Heat radiation from 
* 1,100 fj-n to 700 nn passes into the eye almost unohecked, and a 
large amount of it reaches the retina (Hartridge and Hill). The 
pigment epithelium on the back of the irlli absorbs heat radiation 
of all wave-lengths, and the same is probable of the retinal 
epithelium at the baok of the eye. 

It is a familiar fact that a candle flame emits light in all 
directions. The light is transmitted in straight lines, so that 
we may imagine the light coming from the candle as consisting 
of an immense number of straight lines, all intersecting in some 
part of the flame. If we consider a minute p6int in the flame, 
tLen all the straight lines which cross in this point may be 
said to diverge from it. Each of these hypothetical straight 
lines is called a ray. 

Now, every point on such a ray represents, or is the image 
of, the point of light from which it springs. This is shown very 
clearly by a simple experiment carried out in a dark room. 
Make a pinhole in a piece of cardboard (Fig. 9, A), and hold 
the cardboard in front of the candle (C) at a little distance 
from it. Beyond the cardboard hold up a white screen (B), so 
that the cardboard is between the screen and the candle. 4 
dim image (D) of the flame will be thrown upon the screen, 
and it will be noticed that it is 
upside down, i.e., an inverted 
image of the flame is formed. 

This is due to the fact that the 
cardboard cuts off all the rays of 
light from the candle except such 
as can pass through the hole. The 
only rays from the top of the flame 
which can pass through the hole 
are those which are caught upon 
the lower part of the screen. 

They represent the top of the Fig. 9. 

flame; hence they reproduce its 

shape accurately The image is very dim because only a few 
rays of light can pass through the small hole. Now make 
another hole a little distance away from the first. Another 
inverted image of the flame is seen. If a do£en holes are 
made, a dozen images appear. If two holes are very (dose 
together the images will overlap. If a large hole is made, so 
many images overlap that all resemblance to the original 
flame is lost, and part of the screen becomes uniformly illu- 
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rninated. If we take away the cardboard altogether the whole 
screen becomes illuminated, and we now know that this is 
because we have an infinite number of images of the flame ' 

all overlapping each other. 

P R* Light travels with different velocities 

\ / in different media. If the velocity is 

/ less in one medium than another the 

first medium is said to be optically 

i r / denser than the second. • 

\ / When light, travelling in one me* 

A q g dium, meets another medium it breaks 

Fro. io.—The raf from up into two parts: part is reflected 

P which strikes the back into the first medium; part *is 

mirror AB at Q is re- re f rac ted into the second medium, 
fleeted to It, so that PQ T / 

and qr are in the same If the second medium is opaque none 

plane, viz., that of the of the light is refracted, 
paper, and the'’angle of 

incidence, i, is Cqu&I to p ffCTTOv 

the angle of reflection, r. rvEr LECTION 

Let us now consider what happens 
to a ray of light when, travelling in one medium, it is reflected 
from the surface of a denser medium. We have already said 
that its direction is altered. Before it meets the surface it is 


called an incident ray; after 
it leaves the surface it is 
called the reflected ray. If 
a line is drawn at right angles 
to the surface at the point 
where the incident ray meets 
it, it is found to be an in¬ 
variable rule that the inci¬ 
dent ray makes the same 
angle with this line, which 
is called the normal, that the 
reflected ray makes with it. 
Put in formal language, this 
law of reflection is that for all 
surfaces the angle of incidence 
is equal to the angle of reflec¬ 



tion , and is in the same plane Fig. ll. 

with it (Fig. *10). 

Plane Mirrors. Let us apply this rule to an ordinary flat 
mirror (Fig. 11). If P is a luminous point in front of the mirror 
AB, the ray PQ will be reflected towards It, and the ray PS 
towards T ; i.e.. the reflected rays QR and ST appear to come 
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from p , a point as far behind the mirror as P is in front of it. 
As the rays QR and ST have to be produced backwards in order 
that they may meet, no real image is formed, and such an 
ima'ge is called a virtual im^ge. Note that the rays reflected 
from a plane mirror are divergent. The same reasoning holds 
good for every'point on the object PV, its image being pv as 
far behind the mirror as the object is in front of it: moreover, 
the size of the image is equal to that of the obj cct. 

Concave Mirrors. Here the normal to the surface is the 
radius of the sphere. If All (Fig. 12) is part of the section of 
a concave mirror and PR is an object, K being the centre of 
\he sphere, then the line HKB is called the nxis, and H the 
af>ex of the mirror. The ray PK through the centre of the 
sphere will obviously be reflected along itself, so that the image 
of P must be on PK. The ray PA, parallel to the axis, will 
meet PK in p. Hence p is the image of P. Now it is found 

/ 

( 





Fig. 12. 


that all rays parallel to the axis and not very far removed 
from it cut the axis in the same point, F, and this point bisects 
the line HK. This point is called the principal focus of the 
rpirror. If the object PB were removed a very great distance 
away from the minor, all the rays which fell upon*a small 
portion of the mirror near H would diverge so little from each 
other that they would all be practically parallel to BH, and 
the image of PB would be extremely small and situated at F. 
In each of these cases the image is an inverted one of the object. 

It is an axiom of optics that the direction of the rays is 
reversible. Hence, if pb were an object, it would have its 
image at PB, and if there were an object at F, all the rays 
from it reflected by the mirror would be parallel* to the axis, 
and the image would be infinitely large and situated at infinity. 

What would happen if the object were situated between 
F and H ? In that case (Fig. 13) the rays would diverge after 
reflection as if they came from an object behind the mirror. 
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much as they do with a plane mirror. The image would there¬ 
fore be a virtual one, situated behind the mirror : it would be 
erect and larger than the object. 

The important fact to remember with regard to concikve 
mirrors is that if the bbject is farther away from the mirror 
than its focal distance, i.e., than half its radius of curvature, 



Fia. 13.—The ray from P parallel to the axis is reflected through F, the 
principal focus. The ray FP is reflected parallel to the axis. The 
ray KP is normal to the surface, and is therefore reflected on itself. 
Any two of thfse rays will give the situation of p, the image of P. 

the image is a real inverted one situated also in front of the 
mirror. This is the condition which is almost always present 
in the ordinary use of ophthalmic instruments. 

Convex Mirrors. We are not accustomed to use convex 
mirrors in ophthalmic instruments, but it is necessary to know 
what happens with them, since the cornea acts as a convex 



Fia. 14.—Reflection by a convex mirror. The description of Fig. 13 
applies equally to this case. 

mirror. Here, as will be seen from Fig. 14, the image is always 
virtual, erect, and smaller than the object. As with the con¬ 
cave mirror, if the object is a long way off, the image will be 
situated at the principal focus, i.e., at a distance equal to half 
the radius curvature behind the mirror. 

* Refraction 

We have now to consider what happens to the refracted ray 
when the incident ray, travelling in one medium, e.g air, 
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Fra. 15.—Refraction by a plane lamina. 


meets an optically denser medium, e.g ., glass. We have 
already said that the light will now travel more slowly. It 
follows directly from this fact that it will be deviated towards 
thfi normal to the surface, 4 and it will be more deviated the 
greater the difference in optical density between the two 
media. If the density of air is taken as unity, then the ratio of its 
density to that of the second 
medium is called the index 
of refraction of the medium. 

Plane Lamina. Let us 
see what happens when an 
% incident ray, such as PQ 
(Fig. 15), meets the surface 
of a plate of glass with 
parallel sides. It will be 
deflected towards the nor¬ 
mal, ab. When the ray 
passes out of the glass on 
the other side, it will ob¬ 
viously be deflected away 
from the new normal, cd, 
just as much as PQ was 
deflected towards it. Hence the emergent ray RS will be 
parallel to the incident ray PQ. If the plate of glass is very 
thin, RS will be practically continuous with PQ. 

Prisms. If we imagine one side (CD) of the plate in the 

last figure to revolve 
round R, we shall be 
able to understand 
the nature of re¬ 
fraction by a prism. 
QR will now make 
a larger angle with 
the new normal ef 
than it did with the 
old one cd. Conse¬ 
quently the angle of 
refraction will also 
be larger, i.e., the 
new direction oi the 
emergent ray will be 
RT. In other words, the ray is deviated towards the base 
of the prism. 

The ray PQRS in Fig. 16 is said to pass symmetrically 



Refraction by a prism. 
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through the prism. In these circumstances, if the prism 
is made of crown glass, the deviation of the ray is approxi¬ 
mately equal to half the refracting angle of the prism, a. 

Prisms are numbered accordingjto the angle of the prism 
(°), or preferably accortling to the actual deviation ( A ), e.g., 
a 4° prism is approximately the same as a 2 A prism. 

We are accustomed to project objects along the direction of 
the rays of light as they enter the eye, and in doing so we 
ignore the effect of refraction, since it enters relatively little 
into our everyday experience. If, therefore, we look at a 
candle P through a prism, as in Fig. 17, the light will appear 

to come from p. • 
Objects, then, seefi 
through a prism, 
appear displaced to¬ 
wards the apex of 
--''P the prism. 

Lenses. Ordinarv 
lenses are pieces of 
- — P glass with spheri¬ 

cal surfaces. The 
line passing through 
the centres of cur¬ 
vature of the sur- 

Fia. 17.—Displacement of objects seen through f a Qg S called the 
a prism. The object P appears to be situated . , ,, . 

atP . axis of the lens. 

Fig. 18 shows the 

chief varieties of lenses, viz., (1) biconvex, (2) biconcave, 
(3) plano-convex, (4) plano-concave, (5) convexo-concave or 
meniscus : these names require no further explanation. 

The effect of a biconvex lens upon rays of light meeting it. 





Fjo. 1 8. —Types of lenses. 


is very ^similar to what would occur if it were replaced by two 
prisms set base to base (Fig. 19). 

If the incident rays are parallel to the axis they will be 





ELEMENTARY OPTICS 


29 


refracted in such a manner that they all cross the axis in a 
single point upon the other side of the lens. This point is 
called the principal focus of the lens, and its distance from the 
lens is called the focal distance or length of the lens. When 
the lens has the same medium, e.g., air? on each side of it, the 



Fig 19. 


two principal foci, one on each side of the lens', are situated at 
equal distances from it. For thin glass lenses of low power the 
focal distance is equal to the radjus of curvature of the two 
surfaces when these are equally curved. If there is an object 
a very long distance away from the lens, the rays which come 
from it are practically parallel. Hence in this case an image of 
the object will be formed by the lens at its principal focus ; 



Fig. 20. —The ray PE, parallel to the axis, is refracted through the 
second principal focus F.,. The ray PFj, through the first principal 
focus, is refracted parallel to the axis. The ray PO, through the 
optical centre of the lens, is not deflected. Any two of these rays 
give the situation of p, the image of P. 

it will be inverted and very small. If the object is gradually 
brought nearer and nearer to the lens (Fig. 20) the image will 
recede farther and farther from it; from being very small it 
will grow larger and larger, until, when nhe object is at the 
principal focus, the image will have receded to infinity, and it 
will be infinitely large, i.e. t all the rays coming from the object 
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at the principal focus are parallel to the axis and to each other 
afjber refraction. If the object is brought still closer to the lens 
than its focal distance (Fig. 21) it will be found that its image 
is a virtual one behind the object, ^nd that it is erect and lalger 
than the object. The'positions of the object and image bear a 
constant relationship to each other and are called conjugate foci. 

There is a point in the middle of a biconvex lens which is 

p 

i * 


A 


Pig. 21.—-The description of Fig. 20 applies equally to 

this ligure. 

called its optical centre. With thin lenses any ray which 
passes through this point is practically not deviated at all. It 
is easy to understand why this is so. If PQRS (Fig. 22) is 
such a ray and tangents are drawn to the two surfaces at the 
points Q and R, these two tangents will be parallel to each 

other. Consequently, the 
lens acts for such a ray 
exactly as if it were a plate 
with parallel sides, and we 
have already seen that in 
such a case the emergent 
ray is parallel to i^s 
original direction. If the 
lens is very thin the re¬ 
fracted ray will be prac¬ 
tically continuous with the 
incident ray. 

If we know these facts, 
viz., that rays passing 
through the optical centre 
arc not deviated, and that 
rays passing through the principal focus are parallel to the 
axis after refraction, we can easily construct the image of an 
object in any given position. Thus, in Fig. 20, if PB is 
an object, the ray PO through the optical centre 0 will not 



Fici. 22.—Properties of the optical 
centre of a lens. 
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be deviated ; the ray PE parallel to the axis will pass through 
the second principal focus F a ; and the ray PF 2 through 
*the first principal focus will be parallel to the axis after 
refraction. Hence pb must be the image of PB. 

The effect of a biconcave lens upon rays of light meeting it 



Fig. 23. 


is very similar to what would occur if it were replaced by two 
prisms set apex to apex (Fig. 23). 

Here, if the incident rays are parallel to the axis they will 
be divergent after refraction, and the amouut of divergence 
of the individual rays will be such that if they are produced 
backwards they will all cross the axis in a single point upon 
the same side of the lens that they came from. This and the 



corresponding point on the other side of the lens are called 
the principal foci. The biconcave lens also has an optical 
centre, situated upon the axis within it and having the same 
properties as in the case of the convex lens. Tne image of 
any object formed by a concave lens can be constructed in 
exactly the same manner as for a convex lens (Fig. 24). 
It will be found that in every position of the object the 
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image is always virtual, erect and smaller than the object. 

Plano-convex and plano-concave lenses act like biconvex 
and biconcave respectively, but in them the optical centre is. 
on the curved surface at the point where the axis cute it. 
Menisci act as convex or concave lenses according as the 
convex or the concave surface has the greater curvature. In 
them the optical centre is outside the lenB. 

It will have been noticed that the refractive power of a lens 
varies inversely as the focal distance, i.e., a lens with a short 
focal distance will bend the rays more than one with a longer 
focal distance. It is necessary to have some system of num¬ 
bering lenses so^as to indicate their refractive power. The most 
convenient system for ophthalmic purposes is that which tabes 
a lens with a focal distance of 1 metre as a standard. Such a 
lens is said to have a refractive power of 1 dioptre. A lens 
with a focal length of half a metre will be twice as strong as 
one whose focal length is 1 metre : the refractive power of 
such a lens is therefore 2 dioptres. Similarly, a 3 D (3 dioptre) 
lens has a focal length of one-third of a metre, or 33 cm. ; a 
4 D lens, 25 cm.; and so on. It is important to remember that 
in this system the standard is a metre, not a centimetre or a 
millimetre ; otherwise confusion may arise. 

Lenses were formerly numbered according to their focal lengths 
measured in inches. Since the inch has a different value in 
different places, the method is unsatisfactory. Prescriptions for 
spectacles are, however, sometimes met with in this notation. 
They are easily transformed into the dioptric system by remem¬ 
bering that there are 40 inches (roughly, or 36 Paris inches) in 1 
metre. Therefore a 40 inch lens = 1 D; a 20 inch lens — 2 D; 

40 

a 4 inch lens — — = 10 D ; and so on : a lens of focal length — 4 

Paris indhes = -- = 9 D. 

4 

Convex lenses are indicated by a plus sign (+), concave by 
a minus sign (—) before the number. 

Cylindrical lenses are also used in ophthalmology; their 
nature and use will be considered at a later stage. 

We often wish to find out whether a lens is convex or con¬ 
cave, and what its refractive power is. There are several ways 
of doing this, but the simplest is with the assistance of the 
trial case. Hold a convex lens up near the eye and look at 
distant objects through it; then move the lens a little from 
side to side : the distant objects will seem to move in the 
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opposite direction to that in which the lens is moved. If we 
repeat the process with a concave lens the objects seem to 
move in the same direction as the lens. The reason is to be 
found in the fact that a convex lens forms an inverted, whilst 
a concave forms an erect, image. If v^e place two lenses of 
opposite sign but equal curvature in contact with one another 
the combination will make a plate with parallel sides : such 
a plate, as we know, does not practically deflect the rays of 
light at all. Hence we can determine the strength of a lens 
by exactly neutralising it 
with a lens of the oppo¬ 
se sign out of the trial 
caftj. Let us take a con¬ 
crete example, a particu¬ 
lar lens which we wish to 
determine. We hold it 
up and find that distant 
objects seem to move in 
the opposite direction to 
the lens. We know that it is a convex Jens. We then put a 
weak concave lens in contact with it and lepeat the process. 
We find that with a-2D lens objects still seem to move in 
the opposite direction, though not so much. With a — 3 D lens 
there is only a trace of movement, and with a — 3 5 D lens 
there is no movement at all. We conclude that the original 
lens was + 3'5 D. In performing this test it is important to 
have the two lenses as closely in contact as possible, and also 

A B 


: a 


Fig. 26. 

to have their centres in contact (Fig. 25). If the centre of 
one lens is higher than that of the other they will obviously 
not counteract each other exactly. If they are not in contact 
the result will be either too high or too low. 9 

When the lenses are in contact the refractive power of the com¬ 
bination ( D ) is equal to the algebraical sum of the refractive powers 

of the two lenses (d x , d 8 ): i.e., 1) = d x + or i i + / where 

* Ji Jt 

F, f x , f 2 , are the respective focal distances (Fig. 26). 
dis. or etb. 




2 
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Suppose, however, that two convex lenses are separated by a 
distanoe c (Fig. 26). The lens A will make parallel rays converge 
towards a, but after a distance c they meet the lens B : hence the 


1 “1 

convergence ol the rays is not expressed by . n v . — 

* h' i J J i — c ‘ 

Therefore the combined effect of the lenses, D ,-or is now equal 


to 


« + h 

If the second lens (B) is a concave one (Fig. 27) it& offect will 



be one of divergence, so that it must have a negative sign, and 1) 
will now be equal to > —~r. 

It is to be noted that in the formula 


1 + 1 
F h~° U 

F is now the posterior focal length, the incident light impinging 
upon the lens whose focal length is /, and being directed towards 
the lens whose focal length is / 2 . The following formula gives the 
equivalent focal length (F e ) of the combination, irrespective of 
the direction of light:— 


F f 


Examples : (1 ) f l - 
Then 


uu 

fl + fi — c 
= 333 mm. ; / a = 260 mm. ; 

1 _ 1 , 1 __ 1 
F 333 - 133 ^ 250 ~ 111 


c — 133 mm. 


That is, the combination of a-|- 3D lens with a + 4D, separated 
by a distanoe of 133 mra., will be that of a + 9 D lens, instead of 
a -f 7 D if they had been in contact. 

(2) /, =- 333 mm. ; /, = - 83 mm. ; o = 133 mm. 

Then — — -_-_L = _L 

® F 333 - 133 83 142 


That is, the combination of a -f- 3 D lens with a — 12 D, separated 
by 4 distance of 133 mm., will be that of a — 7 D Ions, instead of 
— 9 D if they had been in contact. 



CHAPTER IV 


Elementary Physiological Optics 

• 

The eye as an optical instrument very much resembles an 
ordinary photographic camera. The latter consists of a dark 
chamber with an aperture in front containing a strong convex 
lefts, and with a movable back behind. The effect of the lens 
is exactly like that shown in Fig. 20. PB will represent the 
object to be photographed ; the movable back is adjusted so 
that it occupies the position of pb, in which case a sharp image 
of the object will be thrown upon the ground glass which 
forms the back. The ground glass is then replaced by a sensi¬ 
tive plate, and the photograph is taken. 

In the eye the retina corresponds with the sensitive plate. 
Instead of having only one lens in the front aperture, repre¬ 
sented by the crystalline lens, there is also a curved plate with 
parallel sides, the cornea, which acts like another lens, and 
indeed has a much stronger optical effect than the crystalline 
lens. The object of this more complicated arrangement is to 
shorten the focal distance of the system, so that the eye may 
be shorter and more compact. 

From this analogy we see that the eye, from the optical 
point of view, acts like a strong convex lens. We have already 
stated that when a lens has the same medium on each Bide of 
it the anterior and the posterior focal distances are equal to 
one another. This is not the case in the eye. He,re the 
medium in front is air, while behind the lens there is the 
vitreous, which has a higher refractive index, rather more 
than that of water. Hence the anterior and posterior principal 
focal distances are not equal, the anterior being about 15 mm. 
in front of the cornea, and the posterior about 24 mm. 
behind it. 

The cornea has about the same optical density or refractive 
index as the aqueous, which is also equal to that o? the vitre¬ 
ous. The anterior surface of the cornea may be regarded as 
nearly spherical, the radius of curvature being 8 mm. The 
centres of curvature of the cornea and the two surfaces of the 
lens are all on the same straight line, which is called the optic 
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axis. When a ray of light meets the cornea (Fig. 29) the ray 
will be deflected towards the normal, i.e ., towards the radius 
drawn through the point of incidence. It will pass through 
the layers of the cornea in the'- new direction, and will also 
continue in the same direction through the aqueous, for, as 
we have said, the refractive index of the aqueous is the same 
as that of the cornea. When the ray meets the lens, which 
has a greater refractive index than the aqueous, it will again 
be deflected in the same sense, i.e., towards the axis upon which 
the cornea and lens are centred. 

The eye approximates to a homocentric optical system, i.e., o»^ 
composed of a series of spherical surfaces whose centres lie or. a 
common axis. The geometrical properties of such a system may 
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Fia. 28. —The Cardinal Points of the Eve. 

(j>. The anterior principal focus in front of the cornea. 

<f>', The posterior principal focus upon the rotina. 

H, H', the principal points, in the anterior chamber. , 

K, K', the nodal points, in the posterior part of the lens. 

R.I. Refractive indices. 

be much simplified by considering them to possess three pairs of 
cardinal points or planes. Rays passing through either principal 
focus emerge from the system, after refraction, parallel to each 
other. A ray directed through one nodal point emerges, after 
refraction, through the second nodal point and parallel to its 
original direction. A ray passing through any point on one 
principal plane emerges, after refraction, as though it came from 
the-corresponding point on the second principal plane, but the 
incident and emergent rays are not usually parallel to each other. 

Since the principal and nodal points in the eye are very close 
to each other no great error is introduced by fusing them into a 
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single principal point at the point where the axis cuts the cornea 
and a single nodal point in the posterior part of the lens ( e.g ., 
Fig. 30). 

We have seen that in the case of a tens, and the same is 
true of any homocentric optical system, parallel rays meet at 



B’ig. 20.—Emmotropic eye. Parallel rays are brought to a focus 

on the retina. 


the principal focus. Hence, if parallel rays fall upon the 
cornea, they will be brought to a focus 24 mm. behind it. 
Now, the rays which are emitted by a luminous body are 
divergent. If, however, the object is a long distance away, 
the individual rays in any small bundle will diverge so little 
from each other that they may be regarded as practically 



Fig 30. —Nodal point of the eye, visual angle, and relative sizes 
of objeot and retinal image. 


parallel. This is the case with the small bundles of*rays which 
are able to enter the pupil of the eye. Hence, as in the case of 
a convex lens (vide p. 29), the image formed by the eye of these 
distant objects will be situated at the principal focus, i.e., 
24 mm. behind the cornea. But that is exactly the distance of 
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the retina from the cornea in the normal eye. Hence we see 
that the normal eye in its condition of rest is so constituted 
that distant objects form their images upon the retina (Fig, 29). 

The optic axis, produced backwards to meet the retina, cuts 
it almost exactly at the fovea centralis. Hence, any distant 
object on the prolongation forwards of the optic axis will 
have its image at the fovea, which is the best spot for distinct 
vision. 

We notice that, just as with a convex lens, the image is 
inverted. It is re-inverted psychologically in the brain. 

It is easy to find the size of the retinal image which any 
external object will form, since the eye possesses an optical 
centre, which, however, is usually called the nodal point (N), 
quite similar to the optical centre of the lens. In the eye this 
point is situated upon the optic axis near the back of the lens. 



Fid. 31.—Hypermetropic eye. Parallel rays tend towards 
a focus behind the retina. 


As in the case of lenses, any ray which passes through this 
point will not be appreciably deflected. If, therefore, there is 
an object PB (Fig. 30) in front of the eye, the size of its retinal 
image pb is found by joining the extremities of the object a'nd 
the nodal point and producing these lines until they meet the 
retina. The lines will enclose an angle, PNB, which is called 
the visual angle; in other words, the angle subtended by the 
object at the nodal point is called the visual angle. It is of 
course equal to the angle pN6, which is subtended by the 
retinal image at the nodal point. 

In some eyes the retina is not situated in exactly the right 
place for the images of distant objects to be clearly focussed 
upon it. It may be too far forward (Fig. 31), or too far back 
(r ig. 32); in the former case they are said to be hyperme¬ 
tropic, in the latter myopic. If we consider the effect upon 
parallel rays we shall see that in the hypermetropic eye they 
have not had space to come to a focus, whereas in the myopio 
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eye they have not only come to a focus, but have commenced 
to diverge. In each case a blurred image will be formed upon 
the retina, and vision will be impaired. Such conditions are 
called errors of refraction of ametropia # («, privative, nerpor, 
measure ; not according to measure). In contradistinction to 
hypermetropia and myopia the normal condition is called 
emmetropia. 

It lias already been stated that in optics the direction of 
the rays is reversible. Let us imagine a minute point on the 
retina to be luminous. It will give out rays which will diverge 
in all directions. Some of these rays will meet the lens and 
cornea and pass out of the eye. Now, in the efhmetropic eye, 
those rays which get through the pupil will have to submit to 
exactly the same optical deviations as the parallel rays falling 
upon the cornea did when they passed into the eye and came 



Fig 32. —Myopic eye. Parallel rays are brought to a focus in 

front of the retina. 


to a focus on the retina. Hence, on the principle of the 
reversibility of the rays, the rays coming from a point on the 
retina will be parallel to each other when they leave the eye 
(Fig. 29). • 

Suppose, however, that the eye is hypermetropic owing to 
being too short (Fig. 33). The rays coming from a point on 
the retina will be relatively more divergent than the corre¬ 
sponding rays of the emmetropic eye before they fall upon 
the back of the lens. (Compare the effect of placing an 
object closer to a convex lens than its principal focus 
(Fig. 21).) The lens and aqueous and cornea will therefore 
cause them to converge less than in the emmetropic eye. 
They will therefore still be divergent when they leave the eve, 
though of course not so divergent as when they were passing 
through the vitreous. In fact, their direction will be the same 
as if they came from a point behind the eye. The nearer the 
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retina is to the lens, the more divergent they will be, and the 
nearer to the back of the eye will be the point from which they 
seem to come. This virtual point (R) behind the eye is called 
the remote or far pointy of the eye. 1 The point on the retina and 
this point behind the eye are really conjugate foci (Fig. 33). 



Fig. 33.—Hypermetropic eye. Rays from a point on the retina are 
divergent when they emerge from the eye, as if they came from tho 
point, R, behind the eye. 


Suppose now that the eye is myopic owing to being too long 
(Fig. 34). The rays coming from a point on the retina will 
be relatively less divergent than the corresponding rays of the 
emmetropic before they fall on the back of the lens. (Compare 
the effect of placing an object farther away from a convex 
lens than its principal focus (Fig. 20).) The refractive media 
in front will therefore cause them to converge more than in 



Fig. 34.—Myopic eye. Rays from a point on the retina are convergent 
when they emerge from the eye, so that they cross at a real point, R, 
in front of the eye. 


the emmetropic eye. They will hence be convergent when 
they leave the eye, and will cross in a point (R) somewhere in 
front of the eye (Fig. 34). The farther the retina is from the 
lens, i.e. } the higher the degree of myopia, the more convergent 
they will be, and the nearer to the front of the eye will be the 
point where they cross. This point is again the conjugate focus 
to the point on the retina, but in this case it is a real point. 
It is also called the remote or far point of the eye, 
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Where then is the far point of the emmetropic eye ? We 
have seen that in each of the other conditions it is where the 
ray^ emitted from a point on the retina meet after emerging 
from the eye. In the emmetropic eye the emergent rays are 
parallel to each other. But parallel rays meet at infinity ; 
therefore the far point of the emmetropic eye is at infinity. 

It is obvious that, in hypermetropia, if we give the rays the 
requisite amount of convergence before they enter the eye 
they will*be brought to a focus upon the retina. We can do 
this by placing a convex lens in front of the eye (Fig. 35). 
jThis is what is done by means of spectacles. The refractive 
01 ^ convergent power of a convex lens is the reciprocal of its 
focal distance. Hence in hypermetropia of 1 D, a convex 
lens of 1 D or 1 metre focal distance placed in contact with 
the cornea will direct parallel rays towards a point 1 metre 



Fig. 35.—Hypermetropic eye. Parallel incident rays brought to a 
foous on the, retina by means of a suitable convex lens. 


behind the eye, i.eto the far point of the eye. Such a lens 
acting in combination with the refractive force of the eye 
would bring the rays to a focus on the retina. But lenses 
can only rarely be worn in contact with the cornea (v. p. 538). 
If the lens is placed 20 mm. in front of the cornea its focal 
length will have to be 1,020 mm. instead of 1,000 mm. (vide 
p. 34), but this small difference is negligible, and we are 
accustomed to measure errors of refraction by the strength of 
the lens which is required when it is placed in the ordinary 
position of a spectacle lens (Fig. 35). 

Similarly in myopia, if we give the rays the requisite amount 
of divergence before they enter the eye they will be brought 
to a focus upon the retina. We do this by placing a concave 
lens in front of the eye (Fig. 36). Here we should want a -1 D 
lens in contact with the cornea to correct a myopia of 1 D, 
i.e., an eye whose far point is 1 metre in front of the eye. If 
the glass is worn about 20 mm. in front of the eye it will have 
to be rather stronger, i.e., it will have to be of a focal 
distance of 980 mm. instead of 1,000 mm. 
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There is an advantage in having the correcting glass in axial 
ametropia in the position of the anterior focus of the eye, 
because under these conditions the size of the retinal image 
is exactly the same as if the eye were emmetropic (Figs. 37, 39). 
The anterior focus is about 15 mm. in front of the eye. The 
optician aims to place the optical centre of the spectacle lens 
12-13 mm. from the cornea. We have already discovered 
(p. 41) that the farther the glass is from the eye the convex 
glass in hypermetropia has to be weaker, and the" concave 
glass in myopia stronger. There is also an effect on the size 
of the retinal image. If the glass is more than 15 mm. from 
the cornea the retinal image in hypermetropia is larger, and in - 
myopia smaller than the emmetropic image (Figs. 38, 40). Tile 
increase in size in hypermetropia is advantageous, but the 
diminution in myopia is a disadvantage, especially in very 



Tia. 36.—Myopic eye. Parallel incident rays brought to a focus 
on the retina by means of a suitable' concave lens. 


high degrees. Consequently in the latter the glasses ought to 
be made to fit as closely to the eyes as possible, the eyelashes 
being cut short if necessary. 

We have seen that in every case the far point and a point 
on the retina are conjugate foci. Hence an object situated 
at the far point of any eye will have a sharp image upon tfye 
retina (.Fig. 34). This may be made clearer perhaps if we 
consider the myopic eye from another point of view. We have 
seen that the rays from a point on the retina meet in front of 
the eye at the far point. We may again use the principle of 
reversibility of rays. If there is a luminous point at the far 
point, the rays emitted from it which enter the eye will meet 
on the retina; in other words, the image of an object at the 
far point will be upon the retina. 

From the*e considerations we learn how it is that a patient 
with myopia cannot see clearly things which are a long dis¬ 
tance away, whereas he can see things which are near. In 
common parlance, he is “ Bhort-sighted.” He can see things 
at a distance better if he screws up his eyes. This is because 
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Fic. 37. 





Fias. 37-40.—Effect of correcting lenses upon t *e size of the retinal 
image. In Figs. 37, 39, where the optical centre of the. lens, O 
coincides with the anterior focal point of the eve, F lf the size of 
the retinal ima,ge is the same as in ernmetropia. When the lens is 
closer to the eye than the anterior focal distance of the eye the size 
of the retinal image is diminished (convex lens. Fig. 38) or 
tnoreased (concave Tens, Fig. 40). 
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he thus makes a narrow slit to look through, and this slit acts 
like the hole in the cardboard before a candle (vide p. 23). The 
term myopia originated in this peculiarity (ixvziv, to sljut; 
on//, the eye or countenance). 1 

The patient with hypermetropia, on the other hand, can see 
neither distant nor near objects clearly with his eyes at rest, 
since the far point is virtual, and it is impossible to place an 
object at its situation. We shall see later that he is better off 
than the myope by virtue of accommodation. 

We have already seen that the emmetrope sees only distant 
objects clearly with his eyes at rest, since the rays from sucly-. 
distant objects are nearly parallel. For practical purposes 
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Fia. 41.—Sturm’s conoid. V V, vortical meridian of refracting surface, 
more curved than H H, the horizontal meridian. A, B, C, 1 ), E, F, G, 
sections of conoid. From B to F is the focal interval of Sturm. 
1) shows the circle of least diffusion. 


objects more than 6 metres (20 feet) away from the eye form 
clear images upon the retina. * 

The ‘condition of an eye, whether emmetropic, hyperme¬ 
tropic, or myopic, is called its refraction, or more accurately 
its static refraction, since the term applies to the eye at 
rest. 

We have hitherto considered only such errors of refraction 
as are due to axial shortening or lengthening of the eye (axial 
ametropia). It is not difficult to understand that ametropia 
might be d*ie to other causes. Thus, myopia might be due 
to the refractive power of the eye being too strong; in this 
case parallel rays would be brought to a focus in front of the 
retina even if this were in its normal position. Increase or 
decrease in the refractive power of the eye might be due to 
two causes. It might be due to alteration in the refractive 
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indices of the media, or to alteration in the curvatures of the 
refractive surfaces: ametropia due to these causes is called 
index or curvature ametropia respectively. Both are much less 
common than axial ametrojSia. Index ^metropia is very rare, 
though we shall have a physiological example of it later {vide 
p. 53). 

Curvature ametropia has a special importance, not because 
it gives rise to simple hypermetropia or myopia, but because 
it is the fcause of another very troublesome error of refraction, 
called astigmatism. In most eyes, even if they are ametropic, 
t the areas of the refractive surfaces uncovered by the pupil and 
used in vision are very nearly spherical. Sometimes, however, 
they are not. In most of these cases it is the cornea which is 
at fault, and the error is generally of such a nature that this 
surface is flatter from side to side than it is from above down¬ 
wards. Even in these cases the curvatures in the vertical and 
horizontal meridians are both spherical, but the radius of 
curvature of the horizontal meridian is longer than that of 
the vertical. Such a surface is said to have a toric curvature. 
Perhaps the pressure of the lids on the globe tends to squeeze 
it above and below. 

What will be the effect of such a toric cornea upon the 
refraction of the eye ? Clearly the more 
curved meridian will have more refractive 
or convergent power than the less curved : 
hence if parallel rays fall upon the surface 
the vertical rays will come to a focus 
sooner than the horizontal. The rays 
after refraction will be perfectly symmetrical 
when referred to the vertical and horizontal 
planes. They will have two foci. The whole 
bundle of ravs is called Sturm’s conoid, and 
the distance between the two foci is called 
the focal interval of Sturm. It is difficult 
to represent this conoid on a plane surface 
(Fig. 41), but we can see what sections of 
the bundle or pencil of rays would look like 
at different distances from the refractive sur¬ 
face (Fig. 41, A—G). 

At A the section will be a horizontal oval 
or oblate ellipse, because the vertical rays are converging 
more rapidly than the horizontal. At B the vertical rays 
have come to a focus, while the horizontal are still con¬ 
verging : the section will be a horizontal straight line. 
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At C, D, and E the vortical rays are diverging and the 
horizontal are still converging. At one place in this focal 
interval there will be a spot (D) where the vertical rays have 
diverged from the axis exactly «as much as the horizo'ntal 
rays have converged towards it. Here the section is a 
circle, which is called the circle of least diffusion. At F the 
horizontal rays come to focus while the vertical are 
diverging: the section will be a vertical straight line. 
Beyond this point, as at G, both sets of rays are diverg¬ 
ing, and the section will always be a vertical oval or prolate 
ellipse. 

What will happen if the retina is situated at either of thesef' 
points of section ? In the first place it is obvious that the 
retinal image will always be blurred, and it is because the rays 
never come to a focus in a single point that the condition is 
called astigmatism (a, privative, o-riyga, a point). If the 
retina cuts theyonoid at A, where none of the rays have come 
to a focus, every meridian will be in the same condition, 
though in different degree, as jn the axial hypermetropic eye : 
this condition is therefore called compound hypermetropic 
astigmatism . If the retina is at B the vertical meridian will 

be in the condition of an emmetropic 



eye, while the horizontal will still be 
in the condition of a hypermetropic 
one : this condition is called simple 
hypermetropic astigmatism. At C, D. 
and E the vertical meridian will be in 
the condition of a myopic, and the 
horizontal still in that of a hyperme¬ 
tropic eye: this is called mixed astig¬ 
matism. At F the vertical meridian 
is still myopic, whilst the horizontal is 
in the same condition as in an emme- 


h I I tropic eye: this is simple myopic 

4g astigmatism. Beyond F, as at G, both 

~ u ' meridians are in the condition of an 


axial myope, the rays having crossed in the vitreous : this 
is compound myopic astigmatism. All these positions of the 
retina are met with in actual practice, though there is often a 
combination of axial and curvature defects. 

distant vision is often found to be surprisingly good with 
relatively high degrees of mixed astigmatism, probably because 
the circle of least diffusion fails on or near the neuroepithelium 
of the retina. 
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It will be readily seen that such a condition cannot be cor¬ 
rected by means of any spherical lens. We must obtain some 
mejms of affecting 
one set of rays more * 

than the other, -— - 

This means is found - 

in cylindrical lenses. - - 
Suppose C D E F .7 - 

is a cylinder of glass , ^ , 

/to- ,qi . at} • Fig. 44.—Refraction of parallel rays through 
' *p' a plano-convex cylinder. 

. called the axis of 

t|ie cylinder. If a shce is cut off the cylinder by a plane 
parallel to the axis, it would form a cylindrical lens. 
Fig. 43 gives representations of a convex and a concave 
cylinder. The direction ah is called the axis of the cylinder, 
since it is parallel to the axis of the original cylinder from 
which the slice may be supposed to have been taken. It is 
important here to warn the student not to confuse the axis of 
a spherical and the axis of a cylindrical lens, as they are totally 
different tilings. The axis of a cylinder has just been described : 
the axis of a spherical lens is the line joining the centres of 
curvature of the two surfaces. 



IIow will a cylindrical lens affect parallel rays falling upon 
its surface ? In the direction of its axis it is simply a plane 
lamina with parallel sides, so that it. will have no eilect upon 
the rays, hi the direction at right angles to its axis it is 

spherical on one 



: side and plane on 
j the other: it will 
| therefore act. 



Fig. 45.- Ilofr.u Lion of divergent rays from a point 
of light through a plano-convex cylinder. 


exactly like a 
plano-cotfvex or 
a plano-concave 
lens, i.e.y it will 


make the rays either converge or diverge. If a convex 
cylinder is held between a point of light and a screen, a posi¬ 
tion can be found lor the screen such that a sharp bright line 
is thrown upon it (Fig. 45) : this is the focal line of the cylinder. 

It is to be noted that the line is in the direction of the axis 


of the cylinder. If another convex cylinder of the same 
strength were held with its axis at right angles to the fir 4., it 
would obviously form a focal line perpendicular to the first 
focal line. If the two cylinders are put in contact with their 
axes at right angles, all the rays after refraction must pass 
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through both lines. The only place where they can go through 
both lines is where the lines intersect. Hence we see that two 
cylindrical lenses of equal strength, placed in contact with 
their axes at right angles, act exactly like a convex spherical 
lens of the same strength as either of the cylinders. 

When the cornea has its directions of greatest and least 
curvature at right angles to one another, the condition is 
called regular astigmatism. In the commonest form, as we 
have said, the vertical meridian is the more curved, the 
horizontal the less : this condition is generally called regular 
astigmatism “ according to the rule.” Sometimes the reverse 
is found : this*is said to be “ against the rule.” Not infre-*" 
quently the axes are oblique. Often after ulceration, &e., the 
surface of the cornea is irregular. This causes the rays of light 



Fig. 46.—Effect of accommodation. The dotted lines show the cur¬ 
vature of the anterior surface of the lens and the course of rays with 
the eye at rest (static refraction). Tho solid lines show the curvature 
of the anterior surface of the lens and the course of rays with active 
accommodation (dynamic refraction). 


to be refracted irregularly, so that there is no symmetry at all 
about them and different groups form foci in various positions. 
This is called irregular astigmatism: it cannot be corrected, 
and can only occasionally be improved by glasses. , 

Accommodation. We have to consider now how it is that 
a person with normal sight can not only see distant objects, 
but also near ones. If an object is situated near the eye, e.g., 
at ordinary reading distance—about 22 cm. or 9 inches—the 
divergence of the rays which it emits cannot be neglected. 
Since the converging power of the refractive media of the 
emmetropic eye is only strong enough to make parallel rays 
come to a focus on the retina, it is obvious that divergent rays 
falling upod the cornea will not nearly have come to a focus 
(Fig. 46). They will indeed be made convergent, but only to 
such a degree that they would meet somewhere behind the 
retina. Now if we can make the converging power of the eye 
stronger, a point may be reached when it is just strong enough 
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to bring them to a focus on the retina. This is what is done by 
accommodation, and the manner in which the converging 
power of the eye is increased is by making the crystalline lens 
stronger. * 

We have seen that the refractive pDwer of a convex lens 
depends upon its refractive index and upon the curvature of 
its surfaces. In accommodation, it is the latter which under¬ 
goes change. The curvature of the surfaces of the lens at rest 
in the eye is approximately spherical, and the radius of curva¬ 
ture of the anterior surface is 10 mm., while that of the posterior 
surface is 6 mm. In accommodation, the curvature of the 
posterior surface remains almost the same, but the anterior 
Surface changes so that in strong accommodation its radius of 



Fig. 47.— Diagram of Helmholtz’ theqry of accommodation. 


curvature becomes 6 mm. The eye under these conditions, 
which are called its dynamic refraction, has a much increased 
converging effect upon the incident rays. 

# The mechanism by which this change in the curvature of 
the lens is brought about is as follows (Fig. 47). The lens sub¬ 
stance is plastic, so that it tends to conform accurately to the 
shape of its capsule. As has been described (p. 10), the capsule 
is anchored to the ciliary body by the suspensory ligament. 
In the condition of rest, the fibres of the suspensory ligament 
are stretched. In the ciliary body is the ciliary muscle, which 
takes its origin from its anterior attachment to the sclerotic 
at the angle of the anterior chamber. When the muscle con¬ 
tracts, it pulls the posterior part of the ciliary body and the 
anterior part of the choroid forwards slightly. The effect upon 
the suspensory ligament is to slacken it, and with it th" lens 
capsule. The posterior surface of the lens is fixed by the sup¬ 
port of the jelly-like vitreous, so that the slackening of the 
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capsule makes itself most felt in the anterior part, which 
becomes bowed forwards. Since the anterior capsule is 
thicker behind the iris than in the pupillary area (Fig. 48) 
there is a nipple-like bulging of* the lens through the pupil 
(Fineham). 4 

The generally accepted theory here described is that of von 
Helmholtz. According to Tseherning (lie ciliary muscle tightens 
the suspensory ligament, so that the peripheral parts of the 
anterior surface of the lens are flattened and the centra) or 
pupillary area is increased in curvature. 

Our control o»ver the ciliary muscle, though involuntary, is* 
very delicate, so that all distances up to quite close to the eye 
can be accurately focussed. The nearest point at which small 



Fits. 4S. -Lens capsule constructed from post-mortem specimens. 
Relative thickness magnified 100 times (Kincham). 


objects can be clearly distinguished is called the near point, or 
pancium proximum. It is most accurately determined by 
gradually bringing a fine thread closer to the eye until it is 
found impossible to see it perfectly clearly. In practice it is 
sufficient to use very fine print and to determine the point at 
which it first becomes impossible to read it. The distance can 
be measured by a centimetre or inch tape held close beside the 
eye. For ordinary clinical purposes it is usually sufficient to 
judge the distance. At this point accommodation is exerted 
to its maximum, the lens capsule is as slack as it is possible to 
make it, and an object could only be seen clearly at a nearer 
point by placing a convex lens in front of the eye. 

It has beefi shown that the far point of the eye varies accord¬ 
ing Jto its static refraction, i.e., according to whether it is 
emmetropic, hypermetropic, or myopic. The near point also 
varies with the static refraction, but it also varies with the 
age of the patient, the reason being that the lens becomes less 
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plastic as age advances. We liave stated that the lens is a 
mass of epithelium of which the central part is the oldest (rule 
p. 9). As the lens gets older the central cells become tougher 
and more compressed, thus forming a relatively hard nucleus. 
The nucleus is less plastic than the younger cortex, and as age 
advances more and more of the fibres become converted into 
nucleus. Consequently the lens tends Jess and less to respond 
to changes in tension of the capsule. Thus, a child of ten, the 
earliest age at which it is possible to obtain satisfactory 
measurements, is able to see a small object clearly when it is 
only 7 cm., or less than 3 inches, from the eye. A person of 
thirty years of age cannot see clearly at less than J1 cm., or 
about inches, from the eve. 

Now, we have pointed out that the refractive power of a 
lens in. dioptres is the reciprocal ol its focal distance measured 
in metres (tude. p. 32). The same method is applied to measure 
the. static and dynamic refractive powers of flic eye. Thus, 
the static refractive power of a myopic eye whose far point 
is 1 metre in front of the eye is said to be 1 dioptre ; this is 
usually expressed by saying that the eye lias 1 I) of myopia. 
Similarly, if a hypermetropic eye has its far point half a metre 
behind the eye it is said to have 2 I) of Lypermetropia. By 
tills method the emmetropic eye, which has its far point at 
infinity, has no refractive power when it is at rest, since 


00 

Applying the same method to the dynamic refractive power, 
the child of ten, whose near point is 7 cm. from his eye, lias 

a refractive power of ^ -= 14 D, and a man of thirty, whose 
near point is 14 cm. from his eye, has a refractive power ol 


100 

14 


7 D. 


By this means we can obtain a general rule for indicating 
the amount or amplitude of accommodation, not only of emme¬ 
tropic but also of hypermetropic or myopic eyes. This is 
given by the formula A = P — R, which states that the ampli¬ 
tude of accommodation is equal to the refractfve power of 
the eye when fully accommodated (i.e., the reciprocal of the 
distance of the near point in metres) less the refractive power 
of the eye at rest (i.e., the reciprocal of the distance of the far 
point in metres). 
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A few examples will make this clearer. Thus, the emmetropic 

child of ten has an amplitude of accommodation of ~ 

= 14 — 0 = 14 D. What is the amplitude of accommodation 
of an emmetrope whose near point is 12-5 cm. from his eye ? 


Here A 


1000 

125 


- = 8 D. 

QO 


From statistics which have 


been collected we can deduce that this man was abou"t twenty - 
six years old (vide p. 54). Now let us take a case of myopia, 
e.g., a myope of 2 D whose near point is 8 cm. in front of his*, 

eye. His amplitude of accommodation will be A = —“*2 

= 30-5 D. What is the amplitude of accommodation of a 
hypermetrope of 3 D whose near point is 12‘5 cm. from his 
eye ? Here the far point is behind the eye and distances 
measured in this direction must have the opposite sign to 

those measured in front of the eye. Hence, A = 

— ( — 3) — 8 -f 3 — 11 D. 


The numbers given by these calculations for the amplitude 
of accommodation give the strength of the convex lens which 
would have to be placed in contact with the cornea in order 
that the near point might be brought to the required distance 
without using the accommodation. Several interesting facts 
come to light from the calculations. Thus a hypermetrope of 
3 D has to exert 11 D of accommodation in order that he may 
see clearly at 12*5 cm., while an emmetrope has to exert 
only 8 D of accommodation to bring about the same result. 
We see, then, that the hypermetrope has to exert an amount Bf 
accommodation equivalent to the amount of his hypermetropia 
in order to focus parallel rays upon his retina, i.e ., he has to 
use this amount of accommodation in order to see distant 
objects clearly. Again, in the case of the myope of 2 D, his 
far point is half a metre, or 50 cm,, from his eye ; he can see 
clearly at that distance without accommodating, but he has 
to exert 10*5 D of accommodation in order that he may see 
clearly at 8 pm. from his eye. This patient, then, has to exert 
nearly as much accommodation to alter his points of clear 
visitm from 50 cm. to 8 cm., i.e., through 42 cm., that a hyper¬ 
metrope of 3 D has to employ in order to move his point of 
distinct vision from infinity up to 12*5 cm. We see, therefore, 
that the range of accommodation, i.e., the distance between the 
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far point and the near point, is not always the same for a 
given amplitude. 

The effect of age upon the static and dynamic refraction is 
given in Fig. 51, which is *the result of a large number of 
statistics and gives the average results! From this table we 
see that even the far point alters in advanced age. After about 
fifty the eye tends to become hypermetropic, so that at eighty 
it has about 2 5 D of hypermetropia. This has nothing to do 
with accommodation, and hence nothing to do with loss of 
plasticity in the lens. It is, however, due to changes going on 
jn the lens, viz., an alteration in its refractive index so that it 
has a weaker converging power. ' 

The refractive indices of the successive layers of the lens increase 
from the periphery towards the nucleus. The effect is twofold : 
it tends to correct aberration by increasing the con¬ 
vergence of the central rays, and the total refractive 
index of the whole lens is increased, being 'greater 
than the refractive index of the nucleus. For the 
lens may be looked upon as a central bi -convex lens 
eneapsuled in two menisci (Fig. 49). The menisci act 
as concave lenses because the curvature of the nucleus 
is greater than that of the periphery of the lens. Fra. 49. 
Hence they tend to counteract the effect of the central 
lens, but not so much as if their refractive index was the same. In 

old age the index of the peripheral 
layers usually increases, so that the 
total refractive index of the lens 
becomes less, and the eye becomes 
hypermetropic (cf. p. 313). 

Examination with the slit-lamp 
(vide p. 97) reveals three chief 
surfaces of specular reflection 
corresponding to the anterior 
surface of the lens, the surface of 
the “ adult nucleus,” and the 
surface of the “ fmtal nucleus ” 
(Fig. 60) separated by “ zones of 
discontinuity.” The foetal nucleus 
corresponds to t^e lens at 
birth. Its centre, the “central 
interval,” ie most homogeneous, 
and therefore appears darkest (vide Fig. 76, p. 98). The adult 
nucleus corresponds to the size of the lens in early adult life. It 
is separated from the lens capsule by the cortex, consisting of 



Fra. 60. 
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lens fibres laid down subsequently (vide p. 9). Note that the 
radii of curvature of the successive bands diminish from without 
inwards, so that they act as negative menisci. 

If we turn our attention to the curve of the near point we 
see that the amplitude of accommodation gradually diminishes 
throughout life. Now, we are accustomed to hold books for 
reading or work for sewing, &c., at about 10 inches, or 22 cm. 



Fid. 51.—Chart of static and maximum dynamic refraction at various 
ages. (Donders.) Abscissae, ages; ordinates, accommodation in 
dioptres. 


*' 

from the eyes. In order to be able to see clearly at 25 cm. 

from the eye we have to exert = 4 D of accommodation. 

If we look at the table we shall see that an emmetrope has 
only 4 D of accommodation left at about forty-one years of 
age. He will still be able to see clearly at 25 cm., but not 
closer. If he is about forty-six he will have only 3 D of 
accommodation left. He will not now be able to see clearly 
at 25* cm., but he will have to hold his book farther off, viz., 

at 0 = 33 cm. If he is still older he will have to hold the 

book yet farther off, and he will probably have to use very 






ELEMENTARY PHYSIOLOGICAL OPTICS 55 

large print or he will not see clearly at all. This is the condi¬ 
tion which is called presbyopia (Tipecrfivs, old). 

It will be seen that a patient never requires more than 
-f- 4’1> to correct his presbyopia only, since that is the amount 
of accommodation required to place the far point of the 
resting emmetropic eye at reading distance. A convenient 
rule to remember is that a presbyope may require -|- 1 1) for 
every five years after forty ; ».e., at forty-five, -}- ID; at 
fifty, -f2D; at fifty-five, 4- 3 D ; at sixty and later, -j- 4 D. 
The rule errs in giving too liberal a correction ; a smaller 
correction is often more comfortable, and owing to considerable 
individual variation each case must be treated^n its merits. 

*lt is a common error among students to think that pres¬ 
byopia is a condition which commences at about forty-five 
years of age in emmetropes, and earlier in hypermetropes. Of 
course this is not so : the condition which has been increasing 
throughout life first becomes troublesome when,the near point 
of the eye has receded so far that it is beyond comfortable 
reading distance. 

There are two other phenomena which occur with accom¬ 
modation, one affecting the iris, the other the direction of the 
eyes. In order that we may see a near object we must look 
at it; hence in order that we may see it at the same time with 
both eyes they must each turn inwards or converge. The 
amount of convergence, like the amount of accommodation, 
depends upon the distance of the object. It is therefore easy 
to understand that there is a close relationship between 
accommodation and convergence. We shall have more to 
say upon this subject when we consider the various forms of 
squint. 

.When we accommodate for a near object the pupil becomes 
smaller, or contracts. Experiment has shown that, this 
movement of the ins is associated with the accompanying 
act of convergence rather than with accommodation per 
se. It is probably of the nature of an associated move¬ 
ment, or, as 1 have termed it, synkinesis {aw, with, Kin/oris, 
movement). 

Contraction of the pupil during accommodation is not for 
the purpose of diminishing aberration, since this is already 
diminished by the act of accommodation. It ha& the effect 
of compensating for the relative increase of light entering the 
eye from near objects, but is greater than is necessary to 
produce this result. 

It is not uncommon for the refraction of the two eyes to be 
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different: this condition is called anisometropia {&, privative ; 
taos, equal; nerpov, measure). It might be anticipated that 
this could be corrected to some degree or entirely by unequal 
accommodation in the two eyes.' Thus, if one were emme¬ 
tropic and the other hypermetropic, both eyes would be able 
to distinguish distant objects clearly if the hypermetropic one 
alone accommodated the requisite amount to correct its hyper- 
metropia. It has been conclusively proved, however, that this 
does not occur. When these cases are not corrected by the 
proper glasses clear vision is wholly uniocular. 

Although astigmatism is chiefly due to faulty curvature of 4 
the cornea, in some cases there is also lenticular astigmatisrp. 
This is not generally due to unequal curvature of the surfaces, 
but to slight tilting of the lens, so that the incident rays fall 
upon it obliquely. If we look through a tilted glass lens at 
printed matter we shall sea that the letters become distorted 
and elongated in one direction; this is a form of astigmatism. 
The astigmatism of the crystalline lens is generally of such a 
nature that it tends to counteract the corneal astigmatism, 
though sometimes it adds to the effect. As in anisometropia, 
it might be thought that astigmatism could be corrected by 
accommodation. If, for instance, the ciliary muscle acted 
only at the sides and not at all above or below, the anterior 
surface of the lens would become more curved in the horizontal 
than in the vertical meridian. This would counteract the effect 
of the ordinary form of corneal astigmatism. It has been 
proved, however, that this also does not occur. When the 
ciliary muscle acts, it acts equally all round the circle; and 
when one ciliary muscle acts, the one in the opposite eye acts 
simultaneously and equally under ordinary conditions. 

< 

The Pupils 

The iris acts like the diaphragm of any ordinary optical 
system, such as a photographic camera or a microscope. In 
discussing the effects of spherical mirrors in reflecting, and of 
spherical surfaces in refracting the rays of light, we said that in 
each case they were all brought to a focus in a single point. 
This is really only an approximation, which is sufficiently 
accurate for tays close to the axis. In a convex spherical lens, 
for Instance, parallel rays near the axis meet at the principal 
focus (vide p. 29). The rays farther away from the axis, how- 
ever, are refracted too much, so that they cut the axis nearer 
the lens than the principal focus (Fig. 52). This causes a 
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blurring of the edges of the image, which is said to be due 
to spherical aberration. The diaphragm cuts off these peri¬ 
pheral rays, and thus prevents the blurring. In the eye the 
surfaces are not even spherical near the periphery, and are 
often not so in the centre, so that much more aberration is 
liable to occur. The iris reduces the effects of the evil to a 
minimum. 

There is also another form of aberration due to the imperfect 
refraction at spherical surfaces. White light is made up of all 
the colours of the spectrum. The component rays are refracted 
differently, the violet most, the red least. Hence there is a 
tendency for the white light to be split up into Its components, 
in which case the image will have a coloured edge. This 
phenomenon is called chromatic aberration. 

When light enters the eye and falls upon the retina the pupil 



Fia. 52.—Spherical aberration. 


contracts. We have already seen that the pupils also contract 
when the optic axes converge in accommodation. On the 
other hand, they dilate if the skin of any part of the body is 
pinched or any sensory nerve is stimulated to the extent of 
causing pain. These responses to stimuli of various kinds are 
very rapid and delicate, and are easily observed. When they 
are altered by disease the changes which occur afford very 
valuable information as to the condition of the nerve tracts 
involved. The tracts are rather complicated, but it is essential 
that they should be understood. 

Under normal conditions, with equal illumination—a point 
too frequently neglected—the pupils are equal on the two sides. 
It is rare to meet with unequal pupils in a normal person; 
such cases do apparently occur, but every possible patholo¬ 
gical cause must be eliminated before we admit that the 
condition is an idiosyncrasy. 

On the other hand, the size of the pupils varies much in 
different people under the same conditions of illumination, &c. 
In old people it is smaller than in the young, sometimes to 
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Fro. 53.—Diagram of the efferent pupillary paths. Dotted linos, pupillo- 
constrictor: 111 nuc., nucleus of third nerve; c.g., ciliary ganglion; 
s.c., short ciliary nerves. Solid lines, pupillo-dilatator : DU., hypothetical 
dilatator centre in the medulla; c.c-ap.i., Budge’s centrum cilio-spinale 
inferius ; 1\1, D 11, D 111, first, second, and third dorsal nerves (see 

text); r.c., ramus comraunioans ; Stellate g., stellate ganglion ; ann. V., 
anntilus of Vieussens ; i.c.g., inferior cervical ganglion ; cerv. sytnp., cer¬ 
vical sympathetic ; a.c.g., superior oervical ganglion ; Qaaa. g., Gasserian 
ganglion ; VI, V2, F3, lirst, second, and third divisions of the fifth nerve; 
V nasal, nasal branch of the ophthalmic (first) division of the fifth nerve; 
lx., long ciliary nerves. 
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so great an extent tliat the pupils are almost “ pin-point.” 
They are often smaller in liypermetropes, and larger in myopes, 
than in emmetropes; they are said to be smaller in blue eyes 
than in brown. The causes of these differences are conjec¬ 
tural, and need not detain us. The two facts of prime im¬ 
portance have been 


mentioned, viz., that 
there are two re¬ 
flexes, that to light 
and that to sensory 
stimulation, which 
a$t in opposite di¬ 
rections. The nor¬ 
mal size of the pupil 
may be looked upon 
as essentially the 
resultant of these 
two forces. 

The motor inner¬ 
vation of the pupil is 
as follows (Fig. 53). 
The sphincter pu- 
pillse is innervated 
by the third cranial 
nerve. The pupil- 
constrictor fibres 
start in the anterior 
part of the third 
nucleus in the floor 



of the aqueduct of 
Sylvius. They pass 
out of the mid- 
brain and run in 
the main trunk of 
the third nerve as 
far as the orbit. 


Fia. 54.—Diagram of the afferent and efferent 
pupillary paths for light Btimuli. ^ Afferent 
paths from left sides of retin®, thick solid 
lines; afferent paths from right sides of 
retime, thiok dotted lines; efferent paths, 
thin solid lines. II., optic nerve. III., third 
nerve. 


Here the fibres pass 

into the branch which supplies the inferior oblique muscle, 
leaving it by the short root of the ciliary ganglion.^ From the 
ciliary ganglion they pass by the short ciliary nerves to the eye, 
piercing the sclerotic around the optic nerve, being here in 
company with the short ciliary arteries {vide p. 11). The nerve 
fibres pass forwards in the choroid and ciliary body to the iris. 
The dilatator pupill® is supplied by the cervical sympathetic 
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nerve. The dilatator tract probably commences in the mid¬ 
brain not far from the constrictor tract. It passes 
downwards through the medulla oblongata into the lateral 
columns of the cord. The fibfes leave the cord by the 
ventral roots of the first three dorsal and probably the last 
two cervical nerves, enter the rami communicantes, and run 
to the first thoracic or stellate ganglion. From here they 
pass by the anterior limb of the annulus of Vieussens into 
the cervical sympathetic. In this nerve they run up the neck 
to the superior cervical ganglion, whence they pass with the 
carotid plexus into the skull. They run over the anterior . 
part of the GTasserian ganglion and pass into the first or 
ophthalmic division of the fifth nerve, following the nasal 
branch, which they leave finally to enter the long ciliary 
nerves, thus avoiding the ciliary ganglion. The long ciliary 
nerves enter the eye on each side of the optic nerve, accompany¬ 
ing the long ciliary arteries. Like them, they run forwards 
between the choroid and sclerotic, enter the ciliary body 
and thus reach the iris. 

These complicated paths will be seen at a glance in the 
accompanying diagrams (Figs. 53, 54). 

We have now to consider the nervous mechanism of the 
reflexes. The light reflex is carried out entirely through the 
constrictor centre, so we may put the dilatator tract aside for 
the moment. The afferent fibres are contained in the optic 
nerve, arising from all parts of the retina (Fig. 54). It is 
unknown whether they belong to the large or the small fibres 
of the optic nerve. It is certain that they undergo partial 
decussation in the chiasma, like the visual fibres, and that 
they enter the optic tracts. It is also certain that, unlike the 
visual fibres, they do not enter the lateral geniculate body, but 
leave the tract to enter the pretectal region; thence the fibres 
from each tract are relayed to both third nuclei (Fig. 54). 

The constrictor centre possesses “ tone,” i.e., it is per¬ 
petually sending out impulses which keep the pupil slightly 
contracted. If light falls upon the retina of one eye its pupil 
contracts —the direct reaction to light ; but the pupil of the 
opposite eye also contracts simultaneously —the consensual 
reaction to Ijght. This consensual reaction should always be 
tested, since it gives useful information which cannot be 
obtained from the direct reaction. Thus, if there is a block on 
one optic nerve so that there is no direct reaction to fight, but 
the consensual reaction from light thrown upon the other eye 
is unimpaired, we know that the block, whatever it may be, 
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does not affect the efferent constrictor tract, i.e., the trunk of 
the third nerve, the branch to the inferior oblique, and the 
short ciliary nerves are intact. The consensual reaction is 
probably carried out by means of fibres which unite the two 
constrictor centres in the third nucleus. 

That the afferent pupil-constrictor fibres undergo partial 
decussation in the optic chiasma is proved by Wernicke’s 
hemianopic pupil reaction. This reaction is pathognomonic 
of disease of one optic tract. It will be seen from Fig. 54 that 
such a lesion will cut off the afferent impulses from correspond¬ 
ing halves of each retina, i.e., from the temporal half of one and 
the nasal half of the other. If light is thrown upon these parts 
of the retinae the pupils do not contract, but if it is thrown on 
the other halves of the retinae the pupils respond. 

The sensory reflex is more complicated than the light reflex, 
for both the dilatator and the constrictor centres play a part in 
its production under normal conditions. It has been shown 
that sensory stimulation causes first a rapid dilatation of the 
pupil due to augmentation of the dilatator tone through the 
cervical sympathetic, and then a second dilatation, rapid in 
onset but slow in disappearance, due to inhibition of the con¬ 
strictor tone. There are other reflexes and synkineses, e.g 
emotional, which need not detain us. 

Minute examination of the pupil when the intensity of the 
light entering the eye is altered, shows that the pupil contracts 
and then oscillates rapidly, finally settling down into a condi¬ 
tion of contraction which is slightly less than the summit of 
the first wave. In its sudden response, the pupil as it were 
oversteps the mark, oversteps it again in the opposite direction, 
and so on. Two different types of exaggeration of this oscilla¬ 
tion are met with under abnormal conditions. One is the con¬ 
dition in which the oscillations are very large and easjly seen, 
and which are to a large extent independent of the light falling 
upon the eye. This is called hippus ; its origin is obscure, but 
it undoubtedly depends upon the rhythmic activity of the 
nervous centres, and is not a peripheral phenomenon. More 
important is the lack of sustained contraction under the con¬ 
tinued influence of light. Here the pupil contracts sluggishly 
when the intensity of the light is increased, but while the light 
is still kept constant it slowly dilates, often with superposed 
sluggish oscillations. This is a pathological phenomenon 
dependent upon diminished conductivity in the afferent path 
of the light reflex, i.e ., usually in the optic nerve (see Retro¬ 
bulbar Neuritis). 
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Drugs are so frequently employed in ophthalmic practice 
for the purpose of dilating or constricting the pupils or para¬ 
lysing the accommodation, that it is important to know exactly 
how they act. Pupil-dilating drugs are called mydriatics ; 
pupil-constricting, miotios; drugs which paralyse the ciliary 
muscle, cycloplegics. All drugs which dilate the pupil also 
paralyse the accommodation in greater or less degree ; many 
attempts have been made to discover a drug which will effect 
the former purpose without the latter, but without success. 
Similarly, all miotics stimulate the ciliary muscle to contract, 
so that the eye assumes a condition of partial or complete 
accommodation. 

Most of these drugs do not apparently act directly on tHe 
muscles or on the nerve-endings. Constriction of the pupil 
by the third nerve is due to the liberation of acetylcholine 
(Englehardt).. Atropine destroys or prevents the formation of 
this substance; hence it can only be counteracted by substances 
which act diredtly on the muscle, e.g., histamine. Eserine acts 
by preventing the normal rapid destruction of acetylcholine, 
hence the extreme irritability of the sphincter and ciliary 
muscle, and of the eye in bright light. Hence, eserine cannot 
counteract atropine mydriasis, whereas atropine easily 
counteracts eserine miosis. 

The strongest mydriatic which we possess is atropine; it 
paralyses the sphincter iridis and ciliary muscle completely, and 
is said also to stimulate the dilatator iridis. It has so potent 
an action that it abolishes the tone of the ciliary muscle. Thus, 
an emmetropic eye placed fully under the influence of atropine 
becomes hypermetropic to the extent of about 1 D ; this must 
be taken into account in correcting errors of refraction. 
Atropine solution (e.g., 1 per cent.) instilled into the cop- 
junctival sac is absorbed through the cornea into the anterior 
chamber, where it acts locally upon the intrinsic muscles. It 
takes a considerable time to cause complete paralysis, hence 
it is usual to order it for use at home three times a day for at 
least three days. The effects do not pass off for about ten 
days. One drop of 0*5 per cent, atropine sulphate solution 
causes wide dilatation of the pupil in thirty to forty minutes, 
and complete paralysis of accommodation in about two hours; 
the effects ck> not pass off entirely till from three to seven days. 
Duboisine, hyoscine or scopolamine, and daturine act similarly 
to atrbpine. 

Homatropine acts more quickly than atropine, and the effects 
pass off more quickly. Its full effect is obtained by an oily 
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solution (in ol. ricini, 1 per cent.) in three-quarters of an hour, 
especially if combined with cocaine (2 per cent.), which acts 
chiefly by increasing the permeability of the cornea. The 
effects pass off completely in? forty-eight hours, or much more 
quickly if a drop of eserine (1 per cent.) is instilled. The mix¬ 
ture of homatropine and cocaine, which is commonly employed 
for estimating refraction, does not paralyse the intrinsic 
muscles so fully as atropine, the tone of the ciliary muscle not 
being abolished so thoroughly. Homatropine probably acts 
upon the iris through the sphincter only. 

Cocaine besides its anaesthetic effect through tjie endings of 
the fifth nerve in the cornea, iris, &c., also stimulates the sym¬ 
pathetic nerve endings in the dilatator iridis. It does not para¬ 
lyse the sphincter, so that the dilatation of the pupil is only 
moderate, and the pupil continues to react to light even after 
prolonged application. Cocaine is a useful drug in confirming 
the diagnosis of paralysis of the sympathetic nerve : if this 
nerve is paralysed cocaine fails to dilate the pupil. The effect 
is not due to degeneration of the nerve endings, as I have found 
that cocaine fails to act very soon after section of the 
sympathetic in the neck in animals. 

Eserine, or physostigmine, the most powerful miotic we 
possess, acts by stimulating the third nerve endings in the 
sphincter and in the ciliary muscle. It is therefore an anta¬ 
gonist of atropine, but it is unable to overcome the dilatation 
produced by 1 per cent, atropine. On the other hand, eserine 
readily overcomes the dilatation produced by homatropine and 
cocaine. These facts are of very great importance and must be 
carefully borne in mind (vide, p. 261). Comparably with 
cocaine eserine fails to produce constriction of the pupil after 
section of the third nerve. 

Eserine, unlike the common mydriatics, causes som§ smart¬ 
ing and injection of the ciliary vessels when instilled into the 
conjunctival sac. What is more unpleasant is the “ dragging ” 
sensation in the eye which patients complain of when it is 
acting. It may be so irritating as to cause vomiting, but this 
only occurs in very sensitive persons or when the drug is pushed.' 
Owing to these symptoms it should not be instilled more fre¬ 
quently nor in stronger doses than requisite to ensure the 
desired result. A 0*5 per cent, solution or one Considerably 
weaker is often adequate. 

Eserine begins to contract the pupil and cause spasm of 
accommodation in about five minutes; its maximum effect 
is reached in twenty to forty-five minutes. The effect on 
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accommodation lasts only an hour or two, that on the pupil 
two to three days. 

Pilocarpine causes miosis by directly stimulating the para¬ 
sympathetic apparatus. The action is less prolonged and may 
be followed by a fatigue reaction—slight mydriasis. 

In irritative miosis, due to stimulation of the third nerve, 
light, accommodation, and eserine will cause greater constric¬ 
tion, atropine dilatation. In paralytic miosis, due to paralysis 
of the sympathetic, light, accommodation, and eserine will 
cause constriction, atropine little or no dilatation. 

In spastic mydriasis light, accommodation and eserine will 
cause constnabion. In paralytic mydriasis there is no 
reaction to light or accommodation, and eserine acts vefy 
feebly. 

Adrenaline causes dilatation of the pupil in cases of acute pan¬ 
creatitis (Loewi): four drops of 1 in 1000 solution should be 
instilled into conjunctival sac, and the instillation repeated in 
five minutes. The dilatation is manifest after half an hour, the 
pupil being often oval (Garrod). 

Histamine (“ amino-glaucosan ”) produces maximum miosis by 
acting directly upon the muscle fibres. 

Visual Perceptions 

When light falls upon the retina it acts as a stimulus to a 
sensory nerve ending. As contact of the skin with a foreign 
substance causes the sensation of touch, so stimulation of the 
retina causes visual perceptions. The changes which go on 
as the result of a suitable stimulus in an ordinary tactile end 
organ, the physiological impulses in the afferent sensory nerves, 
and the psychological interpretation of these impulses in the 
brain which we call tactile sensation, are all relatively simple. 
In the visual nervous mechanism they are much more complex 
and highly differentiated. 

We may first very briefly consider the changes which occur 
in the end organ itself. Light falling upon the retina causes 
mechanical, photochemical, and electric responses. (1) The 
pigment in the hexagonal cells of* the retinal epithelium 
migrates from the bodies of the cells into the processes which 
lie between the rods and cones. (2) The cones become shorter. 
Both these effects are slow; and it is doubtful whether these 
mechanical effects occur to an appreciable extent in primates 
and man. (3) The visual purple, a substance which is found 
only in the rods, is bleached, so that a sort of photograph or 
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optogram of the luminous object is formed. (4) Changes of 
electrical potential are set up in the retina. 

We are more concerned, however, with the sensations which 
result from stimulation of the retina with light. These are 
of three kinds, which are called the Light Sense, the Colour 
Sense, and the Sense of Form. Each of these may become 
disordered, so we must examine what they really mean. 

The Light Sense is the faculty which permits us to perceive 
light, not only as such, but in its gradations of intensity. By 
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Fra. 55.—Acuity of form sonso in different parts of the retina. (Dor.) 
F, fovea centralis. Abscissae, degrees towards the periphery of the 
retina ; ordinates, relative acuity, that at tho fovea being unity. 

• 

utilising shadows cast by the retinal blood vessels upon the 
rods and cones it can be proved that the neuro-epithelium is 
the actual sentient layer of the retina (Purkinje’s experiment). 
It is in this layer that the clear images of objects in the outer 
world are focussed. The rays stimulate the rods and cones and 
give us the sensation of light. Hence rays falling upon the 
optic disc give rise to no visual sensation, and this is therefore 
called the blind spot (Mariotte). 9 

If the light which is falling upon the retina is gradually 
reduced in intensity there comes a point when it is no longer 
perceived : this is called the light minimum. It varies very 
greatly according to the amount of light which has been falling 
upon the retina before the observation is made. We are all 
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aware that if we go from bright sunshine into a dimly lit room 
we cannot perceive the objects in the room until some time 
has elapsed : the eyes have to become “ adapted ** to the 
amount of illumination. Hence observations on the light 
minimum are only comparable one with the other when the 
eyes are in the same condition of dark adaptation. Since this 
involves keeping light from the eye for at least twenty to thirty 
minutes the investigation is tedious, and perhaps this is the 
chief reason why it has been much neglected clinically. The 
light minimum for the fovea is considerably higher than for 
para-centraWand peripheral parts of the retina, and retinal 
adaptation affects the macula relatively little. 

Having ascertained the light minimum, if the light is gradu¬ 
ally increased in intensity there are points at which we can 
clearly distinguish a difference in the amount of illumination. 
We can do this best if we have two illuminated areas of equal 
size to compare, as is done in special instruments for the pur¬ 
pose, called photometers. We can then find out how much 
brighter one area must be in order that we may distinguish a 
difference in illumination. This is called the light difference. 
It is found to vary with the amount of illumination—the 
greater the amount of illumination the greater will have to 
be the difference in order that we may be conscious of any 
difference at all. Indeed, light difference tends to follow a 
well-known law which is approximately valid for all sensory 
impressions (Weber’s Law). 

Neither of these functions of the light sense is much used in 
ophthalmology. There is no doubt that the light minimum is 
increased in diseases which impair the percipient elements, 
viz., the rods and cones (see Retinitis pigmentosa). It is said 
that disease of the conducting elements, the nerve fibres, 
cause# increase in the light difference. 

The rods are much more sensitive to low illumination than 
the cones, so that in the dusk we see with our rods (scotopic 
vision). Nocturnal animals, like the bat, have few or no 
cones. 

The Form Sense, which is next in importance, is the faculty 
which enables us to perceive the shape of objects in the outer 
world. H^re the cones play the predominant part, and where 
they are most massed together and most highly differentiated, 
viz., at the macula, there the form sense is most acute. It 
falls^off very rapidly towards the periphery, as is shown in 
Fig. 66, and it is noticeable that the curve agrees fairly well 
with the diminution in the number of cones. We ate accus- 
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tomed to speak of acuity in distinguishing the shapes of objects 
as acuity of vision , and we tf^ean by that the greatest acuity 
which it is possible to obtain. 0 The acuity of vision, therefore, 
applies to central vision, or the vision of objects whose images 
are formed at the fovea and its immediate neighbourhood, 
the macula lutea. 

The form sense is not a purely retinal function, but in the per¬ 
ception of composite forms—such as letters—is largely psycho¬ 
logical. A punctate source of light does not form a punctate 
retinal image, but a circle of diffusion. The size an^fdefinition of 
thig depend upon the resolving power of the eye, regarded as an 
optical instrument and vary with the wave-length of the light, 
pupil aperture, etc. The purely physiological elements which enter 
into the complex form sense are (1) the light sense, (2) the Bense of 
position, (3) the sense of discrimination. The sense of position 
depends upon the light sense and upon the conditigns of contrast 
between the object and its background. A physiological process, 
called spatial induction, causes a lowering of sensibility of the area 
surrounding a stimulated area, bo that the demarcation between 
the two areas is increased. The sense of position is measured by 
the minimum visibile. The sense of discrimination is the power 
to distinguish two visible objects as separate, and is measured by 
the minimum separabile. The finest sense of discrimination of 
any sensory organ is the visual capacity to distinguish an 
irregularity in the line of demarcation between two contours, 
which is of the order of a visual angle of 5 seconds of arc—much 
less than the so-called minimum visual angle (v. infra). It is the 
basis of the accuracy of physical measurements with the vernier. 
Form sense is measured by the minimum legibile or cognoscibile. 

In determining the acuity of vision, we utilise the visual 
angle {vide p. 37). We naturally choose as our basis the 
minimum visual angle , i.e., the angle which two luminous 
points must subtend at the nodal point of the eye in order 
that they may be perceived as separate and distinct. Now, in 
order that we may get separate impressions from two points 
close together on the retina it is necessary that two cones 
shall be stimulated, and that there shall be a cone between 
these two which is not stimulated. If we know the diameter 
of a cone we can calculate the minimum angle which must be 
subtended at the nodal point in order that these requirements 
may be fulfilled. This angle, as we have already seen, is equal 
to the angle subtended on the other side of the nodal point by 
the two luminous points. As a matter of fact these calculations 
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agree fairly well with the results of observations. It might 
be thought that the observation was a very easy one, but 
there are several complication}. It is found that there is a 
certain amount of spread of the stimulus from one cone to 
surrounding ones, due to the size of the pupil, spherical and 
chromatic aberration, and irregular astigmatism of the 
refractive media, especially the lens ; it is somewhat diminished 
by diffraction at the edge of the pupil. This causes bright 
objects on a dark background to appear a little larger than 
they really are: the phenomenon is called irradiation. It is 
not altogether a disadvantage, for it helps us very much in 
seeing actual points of intense light, like the stars, millions of 
miles away. In clinical work it would be a disadvantage to 
have an unduly high standard of visual acuity, .because nearly 
everybody would be abnormal according to the standard. 
It is found that a minimum visual angle of 1 minute (1') 
or one-sixtieth of a degree gives a very good average, 
and it is upon this basis that test types are constructed 
{vide p. 131). 

The Colour Sense is that faculty whereby we are enabled to 
distinguish different colours and different colour tones. The 
exact investigation of the colour sense is one of great com¬ 
plexity, for the different colours of the spectrum differ in 
luminosity, so that this disturbing factor has to be added to 
those dependent upon the physiological condition of the retina, 
e.g., its state of adaptation, and so on. 

Appreciation of colours occurs only with lights of moderate or 
high intensity and some degree of light adaptation of the retina 
(photopic vision). If a spectrum of low intensity is viewed with 
the dark adapted eye it appears as a grey band, differing in 
brightness in different parts {scotopie vision ). The brightestlpart 
isathbout 510 pp, corresponding to the green of the photopic 
spectrum. The brightest part of the photopic spectrum is at 
about 555 jj.fi, nearer the yellow. Seotopic vision is essentially 
a function of the rods, colour vision of the cones (duplicity 
theory). 

If three colours sufficiently far apart in the spectrum are 
chosen, all the other colours, though not in the same degree 
of saturation, can be formed by their combination in suitable 
proportions* and white light can also be formed in the same 
manner. Hence normal colour vision is called trichromatic. 
There‘are reasons for choosing red, green and blue for these 
“ primary ” colours. Now, we know that physiological im¬ 
pulses are in some sense a reflex or image of the physical 
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stimuli which give rise to them, e.g., sound waves cause physio¬ 
logical impulses, which are perceived as sound, and so on. If, 
therefore, we imagine three sightly different kinds of impulse 
set up by the stimulation of tfle retina by red, green and blue 
light respectively, their combinations in suitable proportions 
would enable us to perceive the whole gamut of the spectrum, 
including white light. This is the basis of the Young-Helm- 
holtz theory of colour vision. According to Hering’s theory, 
chemical changes in three different types of “ visual substance ” 
situated in the retina cause the sensations of colour (including 
white and black). The three substances are whit^-black, red- 
green, and blue-yellow. If anabolic or building-up changes 
(assimilation) are set up in these substances, the sensations of 
white, red and blue are caused respectively. If katabolic or 
breaking-down changes (dissimilation) are set up, black, green, 
and yellow result. 

Perhaps no subject affords a better field for conjectures than 
the theory of colour vision. It is sufficient here for us to 
emphasise the importance of the three primary colours, upon 
which stress is laid by the Young-Helmholtz theory, and the 
intimate relations which exist between red and green, blue and 
yellow, and white and black, which are the foundation of the 
Hering theory. It is necessary to realise so much because the 
colour sense is defective in a fairly large proportion of people. 
This congenital abnormality is called colour blindness ( q.v .). 
In it the importance of the three primary colours and the 
intimate relation of the pairs of colours are forcibly brought out. 

The three types of visual perception are not confined to the 
minute area of central or macular vision. All are present in 
greater or less degree in more peripheral parts of the retina. In 
disease the earliest and most delicate traces of failing function 
are often to be found in the peripheral parts, central vision 
remaining perfectly normal. Hence the great importance of 
knowing the normal limits of the light perceptive and the 
colour perceptive areas of the retina. 

The field of vision is the projection of these percipient areas 
of the retina on the outer world. When we stand upon the 
seashore and look at, or “ fix,” a ship on the horizon it forms 
a retinal image at the fovea. We are accustomed, then, to 
consider that any object in the outer world which ’forms the 
image at the fovea is situated somewhere upon the line of 
vision, i.e., the line passing through the fovea and the nodal 
point of the eye. The foveal image is “ projected ” outwards 
along this line. Whilst still fixing the ship we are conscious of 
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seeing, less clearly, innumerable objects for miles around. 
From our knowledge of tbe refractive mechanism of the eye 
we know that these objects m/st form their retinal images 
upon peripheral parts of the retfna. Regarded from the side 
of the eye the image upon any point of the peripheral part of 
the retina is “ projected ” outwards along the line joining the 
point with the nodal point. The field of vision, then, is the 
projection outwards of all the points upon the retina which can 
give rise to visual perceptions. We will postpone the considera¬ 
tion of its properties to a later stage {vide p. 138). 



CHAPTER V 

The Neurology of Vision 

In the preceding chapter we have considered the process of 
vision up to the point at which the retinal receptive elements, 
the rods and cones, have become stimulated, ^s with other 
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Fig. 56.—Diagram of the base of the brain, showing superficial origin 
of the I, If, XII, IV, V, and VI cranial nerves : inf., infundibulum ; 
o.lr., optic tract; ped.c., cerebral peduncle ; i.g.b., internal geniculate 
body; e.g.h., external geniculate body; pv., pulvinar of optic 

thalamus ; M.O., medulla oblongata. 

sensory nerves, stimulation of the end organ causes the deve¬ 
lopment of nervous impulses which travel up the afferent 
tracts of the central nervous system to the brain. The com¬ 
parison of the afferent tracts of common sensation with those 
of vision throws so much light upon the latter that it is worthy 
of a moment’s consideration. 
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Fig. 67. Fig. 68. 


Figs. 67 and 68. —Fig. 57 represents a diagram of the neurones of the 
most direct path of common sensation. Fig. 68 represents tho 
neurones of the afferent visual path. I, II, III, neurones of the first, 
second, and third orders respectively; n.c., nucleus cuneatus ; n.g , 
nucleus gracilis ; s.c.q., superior corpus quadrigeminum; n.lent., 
nucleus lenticularis; o.th., optic thalamus. I in Fig. 68, rod and 
cone bipolars in the retina. Ch., chiasma ; e.g.b., external geniculate 
body. 

The sensory impulse of common sensation, e.g., in the leg, is 
carried by a nerve fibre along the sensory nerve and the dorsal 
spinal root to the cord : it travels up in the posterior columns 
of the cord to the nucleus gracilis or the nucleus cuneatus as 
the case may be (Fig. 57). The whole of this course is along 
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the processes of a single cell or neurone, which has been called 
the neurone of the first order. The impulse is taken up in the 
nucleus gracilis or cuneatus Vy a second cell, and is carried 
along the nucleo-thalamic traSt or mesial fillet to the opposite 
optic thalamus ; other fibres, especially those derived from the 
nucleus cuneatus, pass to the superior colliculus or corpus 
quadrigeminum. The cells in the nuclei gracilis and cuneatus 



Fig. r>9.—Diagram of the afferent visual paths from the retinae, with 
the corresponding fields of vision. II., optic nerve ; Ch., chiasfna ; 
o.t., optic tract; e.g.b., external geniculate body; v„ lateral 
ventricle. 

are the neurones of the second order. A third cell, the neurone 
of the third order, situated in the thalamus or colliculus, carries 
on the impulse to the cortex cerebri. Here the nervous 
impulse is transformed into a psychic impulse, a change which 
is not and probably never can be understood. » 

Let us compare with this the visual afferent tracts (Fig. 58). 
The end organ is the neural epithelium of rods and cones. The 
first true conducting nerve cell or neurone of the first order is 
the bipolar cell of the inner nuclear layer with its axon in the 
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inner reticular layer. This microscopic cell corresponds 
morphologically with a dorsal root ganglion cell and its long 
processes stretching, in some crfses, from the tip of the toe to 
the top of the spinal cord. Tire neurones of the second order 
are the ganglion cells in the retina whose processes pass into 
the nerve fibre layer and along the optic nerve to the lateral or 
external geniculate body. Here a new cell, the neurone of the 
third order, takes up the transmission of the impulse, travelling 



Fig. 60.—Distribution of fibres of the Optic Nerve. M., macular; U.T., 
upper temporal, L.T., lower temporal; U.N., upper nasal, L.N., 
lower nasal; U.P., upper peripheral, L.P., lower peripheral; A, B, in 
optic nerve; C. in tract; D, in external geniculate body. The light- 
temd portion of the figure is reproduced from Eugene Wolff’s “ Anatomy 
of Eye and Orbit,” Lewis, London. (After Brouwer & Zeeman.) 

by way of the optic radiations of Gratiolet to the cortex of the 
occipital lobe, which is the so-called visual centre. 

Earlier observers recorded fibres passing from the tract to the 
pulvinar of the optic thalamus and to the superior colliculus. 
These have not been confirmed, but it is surprising that there 
is no connection with the latter, the phylogenetically primitive 
visual centre. 

W§ see, then, the morphological identity of the two systems, 
in spite of the great anatomical differences which specialisation 
has brought about. We may emphasise again the fact that 
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the peripheral optic nerve proper is a bipolar cell in the inner 
nuclear and inner reticularilayers of the retina, while the 
so-called optic nerve is a | part of the central nervous 
system homologous with the mesial fillet in the medulla 
and pons. 

We must now investigate more minutely the individual 
parts of the visual system. The results which are about to be 
described are derived from three sources—embryology, experi¬ 
ments upon animals, and clinical observation as controlled by 
post-mortem findings. 

Let us first trace the fibres from the various £arts of the 
retina (Fig. 59). In general it may be said that the fibres from 
peripheral parts enter the middle of the nerve, while the fibres 
from parts near the nerve enter the peripheral parts of the 
nerve: they probably maintain this relative position as far 
back as the chiasma. There is, however, one disturbing factor, 
viz., the fibres from the macular region. This part is specially 
well supplied. The fibres pass into the outer part of the nerve, 
where they are spread over an area which is triangular in 
section, with the apex towards the centre of the nerve (Fig. 60). 
These pajrilb-macular fibres soon become more centrally 
situated, so that in the posterior part of the nerve they are all 
in the centre. Tracing them still farther backwards the nasal 
fibres decussate in the chiasma, while the temporal ones enter 
the optic tract of the same side. They pass to the dorsal part 
of the lateral geniculate bodies (Le Gros Clark). The axons of 
their corresponding neurones of the third order are also widely 
distributed in the central part of the optic radiations and end 
at the most posterior part of the visual cortex at the tip 
of the occipital pole (Gordon Holmes and Lister); each half 
rn&rula is thus represented in the opposite occipital lobe 
(Figs. 63, 64). * 

The consensus of opinion is now against the view that each 
macula is represented in each occipital lobe (vide p. 407). 

The fibres from peripheral regions of the retina, similarly, 
form two distinct groups, corresponding with the temporal 
and nasal halves of the retina. The limitation is very 
exact, as if a vertical line divided the retina into two halves at 
the level of the fovea (Fig. 59). The fibres from the temporal 
half of the retina enter the chiasma but do not decussate; 
they pass into the optic tract of the same side. Thence they 
run to the lateral geniculate body where all the visual fibres 
end. The fibres mom the nasal half of the retina enter the' 
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chiasma, decussate, and pass into the optic tract of the opposite 
side having a similar distribution on the other side. The direct 
and crossed fibres pass to alternating laminse in the lateral 
geniculate body (Minkowski, Le Gros Clark). The corre¬ 
sponding neurones of the third order pass by the optic radia¬ 
tions to the corresponding occipital lobes. We see, therefore, 
that a lesion of one occipital lobe or optic tract will cause blind¬ 
ness of the temporal half of the retina on the same side and of 
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Fig. 61. —A diagram to represent the distribution of the different cor¬ 
tical areas in a coronal section through the left hemisphere one centi : 
metre behind the fossa parioto-occipitalis. LV., posterior cornu o? 
latf^al ventricle ; s.calc., posterior calcarine sulcus ; s.lim.sup.ar.ntr., 
sulcus cunei (sulcus limitans superior areas striatae); s.lim.inf.ar.str., 
sulcus lingualis (sulcus limitans inferior are* striat*). Note how the 
stripe of Gennari (the thick black line) ends abruptly at the bottom 
of the sulcus cunei and the sulcus lingualis. (After Elliot Smith.) 

the nasal half of the retina on the opposite side. Projecting 
this outwards, such a lesion will cause loss of vision in the 
opposite half of the binocular field of vision, a condition which 
is known as kemianopia (hemiopia, hemianopsia). We may 
recall the fact that the afferent pupil-constrictor fibres have a 
similar* semi-decussation in the chiasma. 

The visual fibres in the optic radiations maintain a posterior 
position in common with the sensory fibres from the r ( est of the 
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body, being thus situated behind the motor fibres in the 
internal capsule. Thereafter they separate considerably, the 
ventral fibres (projecting th'^ lower quadrant of the retina or 
the upper quadrant of the visual field) running forwards far 
into the temporal lobe before they turn backwards to the 
lower portion of the visual cortex, the dorsal fibres (projecting 



Fio. 62.—A diagram to illustrate the distribution of the cortical areas 
# on the mesial surface of the occipital region of the left hemisphere. 
The two arrows indicate the piano of the section shown in Fig. 61. 
The area striata is represented by dots ; the area parastriaxa by 
crosses; the area peristriata by circles. (After Elliot Smith.) 
Compare the above with Gordon Holmos’s diagrams (Figs. 63, 64), 
arrived at on clinical grounds. 


the upper retinal quadrant or lower field) running backwards 
in a more direct course to the upper part of the visual cortex 
(Fig. 219) They are close to the posterior cornu of the 
lateral ventricle, so that they are liable to pressure*here when 
the ventricle is distended. 

The occipital cortex in and about the calcarine fissure differs 
from the cortex elsewhere in the possession of a white line, the 
line of Gennari, interpolated in the grey matter. This area, 
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which is the primary visual or visuo-sensory area (Figs. 61-64), 
is the cortical projection of the corresponding halves of both 
retin®. In this projection the jyirt above the calcarine fissure 
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Fig.*63.—A diagram of the probable representation of the different 
portions of the visual fields in the calcarine cortex. Fig. 63 is a 
drawing of the mesial surface of the left occipital lobe with the lips 
of the calcarine fissure separated so that its walls and floor are visible. 
The markings of the various portions of the visual cortex which is 
thus exposed correspond with those shown on the chart (Fig. 64) of 
the right half of the field of vision. (Gordon Holmes.) 


represents the upper corresponding quadrants, the part below 
the lower, corresponding quadrants of both retin®, and the 
posterior part the macula. 



SECTION II 

THE EXAMINATION OF THE EYE 


CHAPTER VI 

External Examination 

Ophthalmic patients may be roughly divided into two 
groups : those who present manifest objective signs of disease, 
and those who, presenting no outward and visible signs, have 
abnormal subjective symptoms. The division is convenient 
both in theory and in practice. The second group, in all but 
“ functional ” cases, have latent objective signs which it is 
our duty to discover. In the first group the manifest signs 
may mask even more serious conditions which it is our duty 
to bring to light. Not infrequently we are confronted with 
obscure cases which demand the most careful systematic 
examination in order that nothing may be overlooked. Though 
it is not always possible,* or even necessary, to go through 
the lengthy routine of an exhaustive systematic examination, 
yet the details of such a routine must be firmly engrafted in 
our minds, ready for instant application, if we wish to avoid 
mistakes in diagnosis. 

We shall first describe the methods of examination M the 
parts which can be observed with the unaided eye, though we 
shall often ensure accuracy by artificial assistance. Next, we 
shall describe the methods which must be employed to examine 
the deeper parts of the eye. Finally, we shall map out a 
routine of systematic examination. 

In the patients who belong to our first group we shall at once 
be confronted with visible signs of disease. We shall not con¬ 
sider in this place gross signs such as marked protrusion or 
proptosis, great deviations of the optic axes from the normal 
parallelism, and so on. These will be more-, conveniently in¬ 
vestigated in their special relations. We shall confine ourselves 
to conditions affecting the globe itself. 

79 
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The Conjunctiva. In the normal position of the lids only 
that part of the bulbar conjunctiva which is exposed in the 
palpebral aperture, together wifh parts of the intermarginal 
strip along the edges of the lids, is visible. In order, thoroughly 
to investigate the whole conjunctival sac it is necessary to 
expose the palpebral conjunctiva and the fomices. 

The lower fornix is easily exposed by drawing down the 
lower lid while the patient looks towards the ceiling. 

The upper palpebral conjunctiva is exposed by everting the 
upper lid. 

Eversion bf m the upper lid requires some practice. (1) The 
best, and often the easiest, method is as follows : Stand facing 
the patient. Place the right index finger horizontally along 
the patient’s left upper lid while he looks towards his feet. 
Draw the skin of the lid outwards : this causes the inner part 
of the edge of the lid to come forwards, while at the same time 
the pressure of the finger affords a fixed point around which 
the lid can revolve in a vertical direction. Insinuate the right 
thumb under the projecting edge of the lid, and roll the lid 
upwards towards the index finger. The right lid is everted in 
the same manner, using the left hand. 

This method is very easy when the eyes are prominent, and 
it causes a minimum of discomfort to the patient. When the 
eyes are deeply set in the orbit, as is often the case in old people 
whose orbital fat has become to a great extent absorbed, more 
pressure is needed and a little pain is caused. In such cases 
the following method may be adopted ; the tyro will generally 
find it easier : 

(2) Place a probe or thin pencil horizontally along the skin 
of the upper lid at the level of the upper border of the tarsus, 
the patient looking towards his feet. Seize the eyelashes 
between the left index and thumb, and draw the lid away 
from the globe, using the probe as a fixed point. Rotate the 
lid in a vertical direction round the probe, which is then 
withdrawn. 

In many cases we wish to evert the upper lid when standing 
behind the patient, who may be lying on a couch. In this case 
the following is the best method : 

(3) Plac^ the left index finger vertically upon the lid while 
the patient is looking towards his feet. Seize the lashes with 
the right index and thumb, and rotate the lid around the tip 
of the left index. 

In babies a special arrangement of the patient facilitates 
thorough examination of the conjunctival sac and eye : 
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(4) The surgeon sits facing a nurse, who holds the child on 
her lap. The baby’s hea<| is placed between the surgeon’s 
knees ; its body is on the purse’s lap. She holds the child’s 
hands against its body, thus keeping them out of the way, and 
at the same time steadying the child. If, as is often the case, 
there is blepharospasm, eversion of the lids is extremely easy ; 
indeed, it becomes troublesome when we wish to examine the 
cornea. Here the spasm of the orbicularis fixes the lids against 
the globe, and the slightest attempt to draw the lids apart 
causes both to become everted. When this does not occur, 
method (3) must be adopted. • 

. Having everted the upper lid we can examine the palpebral 
conjunctiva, but we are still unable to see the upper fornix. 
This can usually be effected in adults by the following 
manoeuvre : (1) With the lid still everted by the first method 
it is fixed in that position by the left thumb placed upon its 
margin at about the middle. The right thumb or finger is 
placed in the middle of the lower lid. Firm, steady pressure is 
then made through the lower lid upon the globe in a direction 
straight backwards, as if to push the globe into the orbit. In 
the meantime firm pressure is also exerted backw ards upon the 
upper lid with the left thumb. The fornix will generally start 
forwards suddenly, but only if the patient keeps looking w T ell 
down towards his feet all the time. 

This method, though unpleasant, is not painful. The 
only other method of exploring the upper fornix is more 
effectual, but also painful. The eye should therefore be well 
cocained. 

(2) The upper lid is everted in the usual manner. A retractor 
is then inserted under the everted lid into the fornix. The 
rflargin of the lid being fixed as in (1), the lid is everted a 
second time, so that the fornix is fully exposed. Sometimes it 
is necessary to grasp the everted lid with forceps and thus 
evert it a second time. 

By these manoeuvres the conjunctival sac can be thoroughly 
explored. Special attention must be paid to the favourite 
sites for foreign bodies and manifestations of disease, e.g., 
foreign bodies often lodge on the palpebral conjunctiva about 
2 mm. from the margin at about the middle of therli^; trachoma 
follicles are most marked in the upper fornix; scarring from 
old trachoma is most marked in the palpebral conjunctiva, <fcc. 
Adhesions between palpebral and ocular conjunctiva and 
obliteration of either fornix cannot fail to be noticed. Inflam¬ 
matory conditions can be thoroughly examined; accurate 
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diagnosis often depends upon minute investigation. Patches 
of granulation tissue which bleed easily may mark the site of 
embedded foreign bodies, or, if or^the palpebral conjunctiva, 
the site of a chalazion. 

The ocular conjunctiva can be almost completely examined 
without everting the lids if the eye is moved up and down 
while the lids are kept apart. The redness which is observed 
in irritative and inflammatory conditions varies in its distri* 
bution and nature according to the cause. Here we must 
remember the groups of vessels with which we have to deal 
(vide p. 11; Plate II.). Three groups may be distinguished, 
though most of them are too small to be recognised in health ; 



Fig. 65.—Conjunctiva con¬ 
gestion—engorgeinent of 
the posterior conjunctival 
arteries and veins. (After 
Guthrie.) 



Fig. 66. —Congestion of the per¬ 
forating branches of the anterior 
ciliary arteries. (After Dairy tu¬ 
ple.) The dusky spots at the 
seats of perforation are often seen 
in dark-complexioned persons. 


(1) the ^proper vessels of the conjunctiva or posterior con¬ 
junctival vessels ; (2) the anterior conjunctival vessels, which 
supply the area adjacent to the limbus or corneal margin and 
send minute loops into the edge of the cornea itself (Fig. 65); 
(3) the anterior ciliary vessels, lying in the subconjunctival 
or episcleral tissue (Fig. 66). In the last group the perforating 
branches of the arteries are seen in health as several compara¬ 
tively large |ortuous vessels which suddenly cease about 4 or 
5 mm. from the corneal margin. They have very numerous 
small episcleral branches which are invisible in health, but 
when dilated form a pink zone of fine, straight, very 
closely set vessels around the cornea. The corresponding 
perforating veins are very small, but more numerous than 
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the arteries; their episcleral branches form a closely-meshed 
network „ 

Congestion of the individual groups of vessels affords 
important evidence as to the seat of the mischief. The con¬ 
junctival vessels can be distinguished from the anterior ciliary 
by the following points : (1) they are a brighter brick-red, the 
ciliary vessels being seen through the conjunctiva, which 
imparts a purple tinge ; (2) if the conjunctiva is moved to and 
fro over the sclerotic by the finger placed on the lower lid, the 
conjunctival vessels also move while the ciliary remain sta¬ 
tionary ; (3) the individual vessels and the network they form 
$an be seen in the conjunctival system, whereas the ciliary 
form for the most part a diffuse reddish-violet blush in which 
the separate vessels are indistinguishable ; (4) if the blood is 



Fig. 67.—Ciliary congestion—en¬ 
gorgement of episcleral twigs of 
the anterior ciliary arteries. 
(After Dairympie.) 


Fig. 68.—Congestion of the an¬ 
terior ciliary veins, episcleral 
venous plexus. (After Dai¬ 
ry rnple.) 


pressed out of the vessels the ciliary fill up at once on removing 
the pressure, since they anastomose very freely, while the 
conjunctival fill slowly. • 

In general, congestion of the conjunctival vessels, leaving 
a relatively white zone around the cornea, accompanied by 
mucous or muco-purulent secretion, is indicative of conjunc¬ 
tivitis. If there is much irritation and so-called photophobia, 
with some blepharospasm and very watery—-lacrymal— secre¬ 
tion, we suspect the presence of a foreign body on the cornea 
or under the lid, so that it rubs against the cornea : the con¬ 
dition may be due to misplaced lashes (trichiasis). Phlycte¬ 
nular ophthalmia may produce a similar picture. In such a 
case there is also usually congestion of the anterior conjunc¬ 
tival vessels. Careful examination shows that the vessels in 
the circumcomeal zone are bright red, and that the corneal 
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loops are also dilated and visible. Any irritation of the 
cornea—ulcers, abrasions, &c.—causes this conjunctival con¬ 
gestion of the circumcomeal zonqand corneal vessels. Though 
conjunctival they do not move with the membrane. A definite 
leash of dilated vessels confined to the conjunctiva or en¬ 
croaching upon the cornea is usually indicative of a foreign 
body on the cornea or phlyctenular disease. 

Pink circumcomeal congestion is also met with in inflam¬ 
mation of the iris. Here the anterior ciliary vessels are also 
involved. 

Circumcomeal congestion of a peculiar lilac tint, more deeply 
seated and often patchy, is associated with cyclitis and depp 
scleritis. This is the condition which is known as ciliary 
congestion par excellence. 

Dusky congestion at the limbus, composed of a fine reticulum 
—the episcleral venous plexus—often points to glaucoma, but 
may accompany other diseases, especially in old people. 

These conditions run into one another very frequently, so 
that they then cease to have special diagnostic importance. 

Lacrymal Apparatus. Conjunctival congestion of one eye 
only, or signs of irritation such as watering, should lead us to 
suspect the efficiency of the lacrymal apparatus. Simple 
epiphora or flow of tears on to the cheek may be duo to block¬ 
ing of one or both puneta or to their malposition, or to blockage 
elsewhere in the canaliculi or nasal duct. Displacement of the 
lower punctum may be easily overlooked. The puneta are not 
visible normally without slightly everting the lids. Displace¬ 
ment is often very slight, due to slackness of the lid causing a 
little rolling out or ectropion, especially in old people. In 
spasm of the orbicularis the lid may be rolled in too much 
(entropion) ; this may also cause epiphora. Sometimes wfth 
more conjunctival inflammation, but often without, there is 
distension and chronic inflammation of the lacrymal sac. In 
all such cases we carefully observe the exact position of the 
puneta, whether they are in apposition to the bulbar conjunc¬ 
tiva as they should be, and also whether there is any regurgita¬ 
tion from the lacrymal sac when it is pressed upon. The 
lacrymal sac is situated in the lacrymal fossa between the 
inner cant^us and the nose : the fundus of the sac extends 
slightly above the level of the inner palpebral ligament, which 
is on a^line with the canthus. Pressure inwards and back¬ 
wards in this position will press upon the sac. If there is any 
obstruction to the flow of the contents into the nose by the 
nasal duct, as is usually the case when the sac is inflamed, 
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the contents will generally regurgitate into the conjunctival 
sac by way of the canalieuli, and will be seen pouring from 
the puncta. We note whether the contents are tears, mucus, 
or muco-pus. 

Without describing special methods of ascertaining if the 
lacrymal passages are patent (Chap. XXXII.), a simple test 
may be mentioned. A drop of fluorescein solution is placed in 
the conjunctival sac and the patient is told to blow his nose. 
If the passages are free, the handkerchief will be stained with 
the solution. 

The Sclerotic. Inspection of the sclerotic 'around the 
cornea may reveal raised nodules of episcleritis with their 
localised areas of vascular congestion {vide p. 251). Deep 
scleritis may be shown by dusky ciliary congestion and opaci¬ 
fication of the deeper layers of the cornea at the periphery 
(sclerosing keratitis, vide p. 253). 

Definite blue coloration of the circuincorjaeal sclerotic, 
except in young children, is pathological. It is most frequently 
due to ciliary staphyloma, a giving way of the sclera owing to 
inherent weakness (injury, scleritis, &e.) or to increased intra¬ 
ocular pressure (glaucoma). Discoloration may be due to 
pigmentation. Slight duskiness around the spots where the 
anterior ciliary vessels perforate is not uncommon in people 
with dark complexions. Otherwise pigmentation in this neigh¬ 
bourhood, either in the conjunctiva or sclerotic, should be 
regarded with suspicion as indicative of melanotic sarcoma. 
Definite nodules of deeply pigmented tissue in the situation 
of the perforating vessels are very significant of sarcoma of the 
ciliary body. 

If there is bulging of the sclerotic an attempt should be 
made to transilluminate it in the dark room. If it is a true 
ectasia (staphyloma) light will pass through into the ey«. The 
light should be concentrated upon the spot by a strong lens 
{vide p. 87). 

The abrupt or very gradual curvature of the sclerotic as it 
passes back from the cornea may indicate high hypermetropia 
or myopia respectively. 

The Cornea. A little experience will enable us to recognise 
at a glance if the cornea is smaller than usual. A small cornea 
with a shallow anterior chamber is very suggestive of glau¬ 
coma. 

The cornea should be bright and transparent. We first 
examine its surface. Any loss of substance, such as an 
abrasion, may easily be overlooked without special care. 
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The condition of irritation and lacrymation will often put 
us on the track, but these features may be so slight as 
to pass unnoticed. The folio,wing methods should be 
adopted : 

(1) Place the patient facing the window. Stand in front 
and direct the patient to follow the index finger, which is held 
horizontal and moved slowly up and down. The finger is then 



Fia. —Focal or oblique illumination. The diagram shows how the 

focus of the light may be altered by slightly shifting the position of 
the concentrating lens. 

held vertical and moved from side to side. While these 
manoeuvres are being carried out the image of the window, or 
corneal reflex as it is called, is carefully watched. If the sur¬ 
face of the cornea is normal there will be no distortion of the 
reflex as it' passes over it. If there is an abrasion the image 
will b<? distorted here, and will be less clearly defined. This 
method should always be resorted to first, as it is good practice 
in observation and needs no artificial aid, which may not be 
available in some circumstanoes. 
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(2) If the first method gives uncertain results or fails, instil 
a drop of fluorescein solution (2 per cent.). This is best done 
by telling the patient to look towards his feet; the conjunc¬ 
tiva above the cornea is then lightly touched with the tip of 
a glass rod which has been dipped in the solution. A pad of 
cotton wool is immediately placed upon the closed lids so as 
to mop up the excess and the tears which tend to flow over 
the face. If this detail is not attended to the face becomes 
stained unnecessarily. It is a good plan to wash out the 
excess of fluorescein with a drop of pantocain solution, but it is 
not essential. Any spot on the surface of the cornea which is 
denuded of epithelium will appear green. 

* A bundle of dilated conjunctival vessels near the limbus will 
often point to the site of a foreign body upon the cornea. 

Opacities of the cornea may be so faint that they require 
very minute investigation, and the same is true of the details 
—depth, &c.—of gross opacities. We can study them best by 
focal or oblique illumination. 

Focal or oblique illumination is carried out as follows (Fig. 69): 
the patient is placed, preferably in the dark room, with a light 
about two feet in front but slightly to one side. The light is 
concentrated upon the cornea by a strong convex lens. The 
rays of light are brought to a focus by the lens. The cornea or 
other superficial structures can thus be examined under the 
intense light of the converging rays. The position of the 
minute image of the light formed by the lens can be moved 
over the surface of the cornea by slight lateral movements of 
the lens without altering the position of the light. Similarly 
the light may be focussed upon the iris or crystalline lens by 
moving the lens slightly nearer to the eye. A small electric 
tprch is a convenient source of illumination. 

Having thus brilliantly illuminated the part of th*» cornea 
which we wish to investigate, we may magnify the spot by 
looking through a very strong convex lens or corneal loupe 
held in the other hand. The management of the two lenses 
requires a littie practice, but is easily mastered. A few words 
of explanation about the comeal loupe will help us to employ 
it to best advantage. 

When we magnify a small object with a, strong convex lens 
we place it within the focal distance of the lens’and view it 
through the lens. We know that under these conditions the 
lens forms an enlarged image upon the same side as the object, 
but farther away (vide p. 30, Fig. 21). In order that wo may 
see the image to best advantage we must see as much of it as 
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possible, and we must see it under the largest possible visual 
angle. The first requisite demands that the observer’s eye 
shall be as close to the lens as possible. The second requisite 
depends upon the relative distances of the object and the eye 
from the lens; in practice these are found by slight move¬ 
ments of the lens. 

In employing focal illumination, then, first focus the light 
upon the required spot. Then place the corneal loupe near 
the spot and look through it. Slowly advance the loupe 
towards the cornea until the spot comes into focus. Then get 
one’s eye as close to the loupe as possible. 

By moving the light and the loupe slowly over the whole 
surface of the cornea we can thoroughly explore it. 
advancing the convex lens we can illuminate successively the 
back of the cornea, the iris and anterior part of the lens, and 
finally the deeper parts of the lens. By simultaneously 
advancing the position of the loupe towards the cornea we 
can successively bring these structures into accurate focus 
and examine them under considerable magnification. We 
cannot get beyond the back of the lens with a high power 
loupe, as it works at too short a focal distance. Moreover, in 
order to examine the deeper parts of the lens, we must have 
the light almost in front of the patient, otherwise they will not 
be illuminated. 

With a binocular loupe a stereoscopic effect is obtained, and 
the depth of opacities can be determined with great accuracy, 
but the degree of magnification is less. Special methods of 
examination with the binocular loupe, Gullstrand’s slit 
lamp, contact illumination, &c., are useful in difficult cases 
(vide p. 97). 

Focal illumination without the assistance of a loupe or p 
dark rqpm is often of great advantage through the good 
illumination which it affords. One soon gets into the 
habit of concentrating the light from the window upon the 
eye with the convex lens with a view to improving the optical 
conditions. 

The cornea is often affected secondarily to the conjunctiva, 
as in phlyctenular ophthalmia. In such conditions the eye is 
most irritable and resistant to examination in bright light. 
The slightest attempt to separate the lids is accompanied by 
violent blepharospasm, especially in children. Yet it is in 
such cases that it is of the greatest importance to know and 
watch the condition of the cornea. For aught we know it 
may be ulcerated, and may even be upon the point of becom- 
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ing perforated. Any roughness, or even an amount of pressure 
which is quite justifiable in other cases, may suffice to cause 
the perforation which it should be our chief effort to avoid. 
In such a case the lids must be separated 
by retractors. We may use simple bent wire 
retractors (Fig. 70) or Desmarres’ retractors 
(Fig. 71). In babies the position recom¬ 
mended in method (4), p. 81, is employed: 
older children are placed upon a couch. 

The retractors are inserted gently into the 
palpebral aperture, first the upper, then the 
lower, the curved ends being insinuated 
between the lids and the globe. Traction 
is then made upon the retractors, not only 
in opposite directions up and down, but also 
away from the globe, so that the lids are 
lifted off the globe at the same time that 
they are separated. In these 
cases the globe tends to roll 
forcibly upwards when light falls 
upon it, which makes it very 
difficult to see the cornea even 
with the use of retractors. The 
difficulty may be overcome by 
pressing the end of the lower 
retractor well into the lower 
fomix, which drags the eye 
downwards by pulling on the ocular con¬ 
junctiva. 

When we have satisfied ourselves that there 
is little or no fear of perforation we may dis¬ 
pense with retractors. It has been pointed out 
that in children an attempt to separate the lids 
when there is much blepharospasm is usually 
followed bv eversion of botli lids, the cornea, 
still remaining hidden. The way to overcome 
this difficulty is to place the two thumbs close 
to the edges of the lids and to press gently 
but firmly upon the globe as the lids are drawn 
apart. In this manner they are ‘separated 

lid^^retrac w ^ ou ^ becoming everted, but we must be 
tor> " extremely careful not to exert undue pressure 
and not to touch the cornea with the thumb nails. 
In many diseases new vessels are formed in the cornea. An 
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Fig. 70. — Bent 
wire lid re¬ 
tractor. 
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exact knowledge of their position, whether superficial or deep, 
and of their distribution, whether localised, general, peri¬ 
pheral, above, and so on, will often settle a disputed point in 
diagnosis. 

Superficial vessels (Fig. 72) in the cornea are distinguished 



Fig. 72.—Diagrams of superficial corneal vessels. A, general vascu* 
larisation; B, a single leash of vessels, as in fascicular ulcer {vide 
p. 221): 0, localised vaseularisation, aa in trachomatous pannus 
(vide p. 178). 

from deejJ (Fig. 73) by the following features : (1) superficial 
vessels can be traced over the limbus into the conjunctiva, 
while Tfeep ones seem to come to an abrupt end at the limbus ; 
(2) superficial vessels are bright red and well defined, while 
deep ones are ill defined, greyish red, or cause only a diffuse 
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red blush; (3) superficial vessels branch in an arborescent 
fashion, dichotomously, while deep ones run more or less 
parallel to each other in a general radial direction, and branch 
at very acute angles, like a besom ; (4) superficial vessels may 
raise the epithelium over them so that the surface of the cornea 
is uneven, while with deep ones the cornea, though hazy, is 
smooth. The peculiar course of deep vessels is probably 
determined by the lamellar structure of the substantia 
propia. 

The sensibility of the cornea may be tested by touching it 
in various spots with a wisp of cotton-wool twisted to a fine 
point and comparing the effect with the opposite side. Nor¬ 
mally there is a brisk reflex closure of the lids. The sensi¬ 
bility is often diminished in corneal affections, but the change 
is of some diagnostic significance in certain cases, e.g. t herpes 
(vide p. 229). 

The Anterior Chamber. The anterior 
chamber is shallow in extreme youth 
and in old age : at other periods of life 
it is about 2 • 5 mm. deep normally. It 
must be remembered that we estimate 
the depth of the anterior chamber by 
the position of the iris, and that we view 
the iris through the cornea, which is a 

strongly refracting convex surface. The Fig. 73._Diagram of 

effect of this is to magnify the iris and deep comeal vessels, 
pupil, and to make it appear farther as in interstitial kera- 

forwards than it really is The same p ' 23S) ' 

applies to anything in the anterior chamber, e.g., the point 
of a knife in operations. 

•Good binocular vision enables us to estimate the depth of 
the anterior chamber when we are looking at it from in front. 
The observation should be confirmed by taking a profile view. 

The anterior chamber is abnormally shallow in glaucoma. 
It is often abnormally deep in irido-cyclitis. It is frequently 
unequal in depth in different parts. For example, it may be 
deeper at the periphery than in the centre in irido-cyclitis ; on 
the other hand, when the iris is bowed forwards (iris bombe) 
it is funnel-shaped, the centre being deep, the periphery very 
shallow. It may be deeper on one side than on the bther owing 
to tilting (subluxation) of the lens. 

After considering the depth, attention must be paid to the 
contents. In some wounds and ulcers of the cornea, and 
rarely without them, there is pus in the anterior chamber. It 
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forms a layer at the bottom, the surface of the pus being level 
(hypopyon). A similar layer of blood may occur after contu¬ 
sions or spontaneously (hyphsema). The aqueous may be 
hazy, a condition not always easy to distinguish from haziness 
of the cornea. Such cases lead us to examine very carefully 
the back of the cornea with the loupe under focal illumination 
to see if there are any precipitates (“ keratitis punctata ”) 
upon it, or we may see flocculent specks in the aqueous. All 
these conditions are of great diagnostic and prognostic import¬ 
ance. 

The Iris. We pay attention first to the colour of the iris 
and the clearness of its pattern. The two irides or parts of 
the same iris may be of different colour, both conditions being 
known as heterochromia iridis. A grey iris, with ill-defined 
pattern, suggests atrophy from cyclitis, glaucoma, &c. Dark 
brown spots in the iris, not raised above the surface, are 
common. Care must be taken to distinguish them from small 
nodules of the same colour or white (sarcoma, tubercle, gumma). 
“ Muddiness of the iris ” is the expression used for indistinct¬ 
ness of the pattern, caused by inflammatory exudates. A 
muddy iris, with small irregular pupil and sluggish reaction to 
light, is indicative of iritis. 

The position of the iris must be noted, especially the plane 
in which it lies (vide pp. 263, 272, 285). Special attention 
should be paid to any adhesions (synechia;), anterior—to the 
cornea, or posterior—to the lens capsule. Tremulousness of 
the iris (iridodonesis) is seen when the eyes are moved rapidly 
if the iris is not properly supported by the lens, e.g., in absence, 
shrinkage, or dislocation of the lens, slackness of the suspen¬ 
sory ligament, &c. It is best seen in a dark room with oblique 
illumination. . 

The Pupils. A point which should be examined at an early 
stage in every routine examination of the eyes is the condition 
of the pupils. This is the more important since the routine 
examination frequently demands the use of a mydriatic, and if 
the pupils have not previously been noted it may be necessary 
to require the attendance of the patient on another occasion 
when the effect of the mydriatic has passed off. 

The examination of the pupils requires careful attention to 
details if trustworthy results are to be obtained. It is best 
carried out as follows : 

Place^the patient facing the light, which should not be too 
bright; see that the two pupils are equally illuminated. Note 
the size, shape and contour of each pupil. Cover both eyes 
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with the palms of the hands, preferably without touching the 
face. Tell the patient to look straight at you. Remove one 
hand and watch the pupil. Replace this hand and remove 
the other, watching the other pupil. Note down and compare 
the results ( direct reaction to light). Remove one hand so that 
this eye is exposed to light (it should be shaded from intense 
light). Watch this pupil as the hand is removed from the 
other eye. Repeat the process whilst watching the other pupil 
(consensual reaction to light). 

Now tell the patient to look quite across the room, as far 
off as possible. Suddenly hold up the index finder vertically, 
aj; about six inches from the patient’s nose, and tell the patient 
to look at it. Watch the pupils w T hile he accommodates for 
the finger ( reaction to accommodation). 

When the reaction to light is feeble and the pupils are already 
small, it is difficult to be certain of the results in bright diffuse 
daylight, the corneal reflexes adding to the * difficulty. In - 
such cases the patient should be taken into the dark room and 
the light concentrated upon one pupil by focal illumination. 
By a slight lateral movement of the convex lens (vide p. 87) 
the focus of light can be moved on or off the pupil, the pupillary 
movements being watched the while. If there is no movement 
under these conditions we may conclude that the reaction to 
light is absent. 

It is better not to use the ophthalmoscope mirror in this 
procedure, as the patient is very likely to look at it, and a 
reaction to accommodation may be mistaken for one to light. 
Note very carefully if the constriction of the pupil to light is 
well maintained (vide p. 395). 

The same method will elicit the hemianopic pupil reaction 
(Wernicke) in the rare cases (lesion of one optic tract) in which 
it is present. To test for it, the light is placed in front, but 
rather to one side of the patient. The light is focussed with 
the lens upon the opposite side of the retina, and the pupil 
watched. The light is then moved to the other side and is 
now focussed on the other side of the retina. The best source 
of illumination for this purpose is the diffuse light from a large 
window (Fisher). If the reaction is present the pupil will react 
briskly when one half of the retina is illuminate^, but very 
slightly or not at all when the other half is illuminated. It 
usually reacts slightly even in the latter case, owing to the 
impossibility of preventing diffusion of light on to the sensitive 
half of the retina, and for this reason the test is rarely unequi¬ 
vocal. 
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When the pupils are small to start with (“ spinal miosis ”), 
do not react to light, but react to accommodation, the condi¬ 
tion is known as the Argyll Robertson pupil (vide p. 595). It 
occurs especially in para-syphilitic disease, most commonly 
and in its most characteristic form in tabes, and frequently in 
general paralysis of the insane ; but it is also found in other 
syphilitic diseases of the central nervous system. 

If the above directions are carried out we shall have reliable 
information as to the shape and relative size of the pupils and 
their reactions. A few of the commoner conditions may be 
enumerated'here. 

Very large pupils will suggest that a mydriatic has bepn 
used. It is not uncommon for it to have been used inadver¬ 
tently. We not infrequently see a patient with the right pupil 
widely dilated complaining of dimness of vision. Inquiry will 
often elicit the fact that he has been using a liniment for 
rheumatism. -The explanation is that the liniment contained 
belladonna, and that after using it with his right hand he 
rubbed his right eye with the soiled fingers. Often patients 
use ointment or drops prescribed for other patients. We must 
always be on our guard against such traps. These pupils are 
usually quite immobile, and the patient complains of dimness 
of vision, especially in near work. 

The pupil is also large and immobile in complete atrophy of 
the optic nerve ; this may be due to absolute glaucoma. In 
acute glaucoma it is usually largo, immobile, and oval, with 
the long axis vertical; the condition is generally unilateral. If 
only one eye is blind from disease of the optic nerve this pupil 
is rather larger than its fellow as a rule, but the consensual 
reaction to light on the sound eye appears to be much increased, 
granted of course that the third nerve is intact. Dilatation' of 
the pupils with retained mobility is found sometimes in myopia 
and in conditions of impaired nerve tone, e.g ., ansemia ; it is 
also found in cases of disseminated sclerosis with optic atrophy, 
which rarely if ever leads to complete loss of sight in this dis¬ 
ease. Dilatation as a reflex to painful impressions has already 
been mentioned. Unilateral dilatation may result from irrita¬ 
tion of the cervical sympathetic in the presence of glands in 
the neck, pneumonia, phthisis, chronic pleurisy, cervical ribs, 
thoracic aneurysm, &c., but it is rare from such cause : it may 
also b* due to syringomyelia, acute anterior poliomyelitis and 
meningitis affecting the low T er cervical and upper dorsal part 
of the spinal cord and to pressure on the sympathetic fibres 
leaving the cord in the lower cervical and upper dorsal ventral 
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roots. Many of these causes lead eventually to constriction of 
the corresponding pupil from paralysis of the sympathetic. 
Temporary dilatation of one pupil is not very uncommon. 
Unilateral dilatation with immobility may result from a blow 
on the eye (Chap. XXI.). 

The pupils are small in babies and in old people. When 
the pupils are small, as under the influence of bright light, the 
relation to the centre of the cornea can be best seen : the 
centre of the pupil is usually a little to the nasal side of the 
centre of the cornea. Small pupils are rarely perfectly round. 
A small immobile pupil should make us suspect old iritis 'with 
pqpterior synechise, and should lead to investigation with a 
mydriatic—homatropine for diagnostic purposes—to see if the 
pupil dilates regularly. Bilateral small immobile pupils make 
us suspect disease of the central nervous system ( e.g pontine 
haemorrhage); further examination may show that the immo¬ 
bility is confined to reaction to light (vide p. 94). A small 
sluggish pupil, with muddiness of the iris, is associated with 
iritis, which may be primary, or secondary to corneal trouble. 

Very small immobile pupils suggest the use of drugs, either 
locally, e.g., eserine, or through the general system, e.g., 
morphia. 

The chief causes of inequality of the pupils have already 
been mentioned incidentally. As indicative of central nervous 
disease it is found in general paralysis and tabes. 

We must note carefully the nature of the contraction when 
the pupil reacts to light, and especially if the constriction is 
well maintained (vide p. 395). 

Direct reaction to light does not eliminate the possibility 
of the patient being blind, e.g., in uraemia and post-basic 
meningitis. 

The Lens. The lens cannot be thoroughly examined with¬ 
out the assistance of the ophthalmoscope. By inspection, 
aided if necessary by focal illumination, w r e note any opacities 
in the pupillary area. The pupil may be blocked with iritic 
exudates (inflammatory pupillary membrane, blocked pupil). 

Opacities in the lens itself are seen by oblique illumination 
as grey, white or yellowish patches. According to their dis¬ 
tribution and nature we diagnose the various forms qf cataract, 
but our observations must always be confirmed and controlled 
by ophthalmoscopic examination. The following example will 
show how easily one may be led astray. When the light is 
concentrated by focal illumination upon the pupil of a young 
person’s eye the lens substance seems almost perfectly clear; 
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at most we see a faint bluish haze. If we examine the lens of 
an old person in the same manner the haze is much more 
pronounced ; the lens substance in fact looks slightly milky. 
We might conclude that the patient has cataract. Examina¬ 
tion with the ophthalmoscope will, however, show a perfectly 
clear red reflex. The explanation is that the lens substauce 
generally becomes more optically dense, i.e., the refractive 
index increases, as the person grows older (vide p. 63). Now the 
higher the refractive index of a substance the greater will be 
the scattering of light from its surface. The milkiness which 
we see is dub to rays of light which are reflected from the lens 
and enter our eyes. The more rays reflected the more will the 
lens appear milky. 

If, however, the white appearance is very pronounced, and 
especially if it is strictly localised to certain parts of the lens 
substance, we may safely diagnose cataract. A spot in the 
centre of the pupil, looking as if it were on the surface of the 
lens, may be a pupillary exudate or an anterior polar cataract. 
Triangular spokes of opacity with their apices towards the 
centre are indicative of senile cataract. A very white appear¬ 
ance over the whole pupillary area suggests a total cataract; 
if it is yellow and the iris is tremulous we suspect a shrunken 
calcareous lens. 

The Tension. Last in the external examination, but by 
no means of least importance, we test the tension of the walls 
of the globe, which is increased when the intraocular pressure 
is raised, though not necessarily pari passu. It is done in the 
same manner as testing for fluctuation in other parts of the 
body. 

Stand facing the patient, who is told to keep looking towards 
his feet. Place the index fingers of both hands side by side 
and touching each other upon the upper lid, steadying them 
by the other fingers lightly applied to the brow. Keep one 
finger quite still, pressing upon the globe through the lid. Now 
attempt gently to indent the globe with the other finger, 
pressing directly downwards, concentrating the attention 
meanwhile on the impression which is conveyed to the 
stationary finger. Repeat the process on the other eye. 

The stuejent should practise this manoeuvre on a number of 
healthy eyes. He will thus obtain a mental estimate of' 
what te to be considered normal tension—Tn. In absolute 
glaucoma the eye is usually stony hard; this condition is 
generally indicated by the convention T -f- 3, a misuse of 
numbers, but one in common use. The gradations of in- 
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creased tension from Tn to T -f- 3 are usually indicated by 
tbe conventions T full (T +)> T -f 1, T + 2. Similarly the 
gradations of diminished tension are represented by T minus 
(T -), T — 1, T - 2, T - 3. 

Instruments known as tonometers have been devised for 
measuring the tension of the intact eye. They are far less 
reliable than the manometer, which, however, cannot be used 


on the human eye. The best tonometer for clinical use iR 


that invented by Schiotz (Fig. 
74). With it the depth of 
the indentation in the cornea, 
anaesthetised with 1 per cent, 
pantocain solution, made by a 
weighted stylet is measured by 
a lever which travels over a 
scale. There are four weights 
(5-5, 7-5, 10 and 15 gms.) and 
the greatest accuracy is at¬ 
tained with the weight which 
gives a deflection of the lever 
of 2 to 4 mm. The instrument 
is calibrated so that the equiva¬ 
lents of the readings in milli¬ 
metres of mercury can be read 
off a chart. The readings are 
inaccurate when transformed 
into pressures in millimetres of 
mercury, but the tonometer is 
certainly useful forcomparative 
measurements, e.g., between 
the two eyes or between suc¬ 
cessive measurements on the 



same eye. 


The Microscopy of the Living ) ^1$ 

Eye. The invention of the slit- ^ v —^ 

lamp by Gullstrand has rendered Pj 0 74 

possible the examination of the 

anterior parts of the eye under considerable magnification 
by the binocular microscope. The somewhat complicated 
technique militates against its routine use as a clinical instru¬ 
ment, but it has already added to our knowledge of anatomical 
and pathological, conditions in the cornea, anterior chamber, 
iris, lens and vitreous. The most important results are referred 
to elsewhere under the appropriate headings, Fig. 75 shows a 
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general view of the eye illuminated by a beam of light of moderate 
width coming from the slit-lamp entering the eye from the left 
side. Optically homogeneous media appear quite black ; struc¬ 
tures like the cornea, lens, and suspended particles in the aqueous 
scatter the light. Hence, on the left of the diagram is seen the 
illuminated portion of the cornea forming a parallelepiped, the 
brighter area corresponding to the surface, the darker to the 



Fig. 75.—Optical section of tho eye. The zones of optical 
discontinuity of the cornea and lens are clearly seen, and the 
aqueous flare is indicated as well as the struoture of the 
vitreous. The drawing, of course, is composite as if all parts 
of the beam wore in focus simultaneously. 

section of the cornea. The black space to the right is the anterior 
chamber. Then follows the “ phantom ” of the lens, in which 
can be distinguished the dim central interval, the Y and A which 
delimit the foetal nucleus anteriorly and posteriorly, and the 
surfaces of the adult nucleus (vide p. 9). Still farther to the 
right ^s the faintly striated vitreous. 

Since minute details, e.g., particles floating in the aqueous, 
are revealed by the slit-lamp, considerable experience in its 
use is necessary in estimating their pathological significance. 


CHAPTER YII 

Ophthalmoscopic Examination 

The internal parts of the eye beyond the lens cannot be 
seen without the assistance of the ophthalmoscope. A little 
consideration of the optical conditions of the eye jvill show the 
reason. 

• Under ordinary circumstances the pupil looks black, and 
no red reflex, much less a clear image, is obtained from the 
fundus. If, as in Fig. 76, there is a source of light, L, in front 
of the eye, and the eye is focussed upon it or accommodated 
for it, the light and a spot upon the retina are conjugate foci; 
i.e., the image of the spot of light is a spot # on the retina. 



Reversing the direction of the rays, all rays from the illumi¬ 
nated spot of the retina are brought to a focus at the source of 
light. Therefore no rays will enter an observing eye unless it 
is situated actually at the source of light. The problem solved 
by Babbage (1848) and rediscovered by von Helmholtz when 
h^ invented the ophthalmoscope (1851) was practically that 
of making the observing eye at the same time the sotirce of 
illumination of the observed fundus. 

If the eye is not focussed for the source of light the conditions 
are different, and some slight luminosity of the pupil may be 
seen. This is one cause of luminosity in the pupils of the 
hypermetropic eyes of young children and most carnivora. 
Extreme hypermetropia is also the cause of the so-called 
amaurotic cat’s eye, which is due to detachment of Jdie retina, 
glioma of the retina, &c. In these cases the retina is pushed 
forwards and the fundus at this spot becomes highly hyper¬ 
metropic, the reflex from the pupil being often the first 
symptom noticed. The same principle applies to the reflex 
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from the eye after the lens has been removed by extraction 
of cataract. 

In hypermetropia the conjugate focus of the source of light, 
L, is a point, l, behind the retina (Fig. 77). Hence the emer¬ 
gent rays from the illuminated area of the fundus are diver¬ 
gent, as if coming from l. Therefore an observing eye situated 
anywhere within the area l z of the cone of emergent rays 
will catch some of them, and the pupil of the observed eye 
will appear feebly illuminated. Under these circumstances 
it is not necessary for the observing eye to occupy the exact 
position of the source of light, but only a spot in its immediate 
neighbourhood. On the same principle, the extremely hyper¬ 
metropic retina in glioma retinae, &c., can be seen well by focal 
illumination. 

In high myopia the emergent rays are strongly convergent, 


it 



and become divergent after coming to a focus at the remote 
point (Fig. 80). Beyond this point some of the divergent rays 
may enter an observing eye suitably situated and the observed 
pupil appears illuminated. 

The luminosity of albinos’ eyes is due to light entering the 
eye, not only through the pupil, but also through the iris and 
sclerofic. That this is the true explanation is shown by the 
fact that the pupil looks black if it is observed through a small 
hole in an opaque screen. A small amount of light passes 
through the sclerotic in the normal eye. 

It will help us to understand the principles of the ophthal¬ 
moscope if we say a few words about its historical develop¬ 
ment. The ophthalmoscope was invented by Babbage in 
1848, but,its importance was not recognised, and it was re¬ 
discovered by von Helmholtz in 1851. The original ophthal¬ 
moscope of von Helmholtz was merely a plane plate of glass 
(Fig. 78). A source of light was placed beside the observed 
eye and the glass plate obliquely in front of it, so that a portion 
of the light was reflected from the surface of the plate into the 
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©ye. On looking through the transparent plate an observer 
could now receive some of the rays from the fundus into his 
own eye, and thus obtain an image of the illuminated fundus. 
Since but a small proportion of the light received upon the 
plate is reflected at its surface the illumination is feeble. 
Nevertheless, the principle is worth bearing in mind as a ready 
means of getting a view of a fundus in the absence of a more 
satisfactory ophthalmoscope. Moreover, an error of refraction 
in the observed eye may be obviated by using the corre- 



Fig. 78. —Diagram of von Helmholtz’ ophthalmoscope. 0,, observed 
eye; 0 8 , observer’s eye ; L, souroe of light; l, image of L formed 
by the, plane mirror—immediate source of light; MEH, relative 
positions of retina in myopia, emmetropia, and hypermetropia 
respectively, showing the relative sizes of the areas of retina illu¬ 
minated in each case. 

sponding spectacle glass of the patient as the ophthalmoscopic 
mirror. 

Von Helmholtz next increased the amount of light reflected 
by superposing three plane plates. The back of the glass was 
next converted into a more powerful mirror by silvering it, 
leaving a small portion unsilvered or leaving a hole in the 
mirror, through which the observer might look. The illu¬ 
mination was still feeble, since the rays reflected «by a plane 
mirror are divergent (vide p. 25). Ruete therefore (1852) 
introduced the perforated concave minor which still holds the 
field. The final modification was the addition of a battery of 
small lenses of various strengths, which might be brought into 
position behind the aperture. The multitudinous forms of 
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“ refraction ophthalmoscopes ” are merely various mechanical 
contrivances for doing this most conveniently.* 

There are two .chief methods of ophthalmoscopic examina¬ 
tion, the direct method (v. Helmholtz, 1851) and the indirect 
method (Ruete, 1852). The ophthalmoscope is provided with 
two mirrors, one a small one, slightly tilted, for the direct 
method, the other a large one, not tilted, for the indirect 
method. Both are concave, the former with a focal distance 
of 30 cm., the latter of 10 cm. It is an advantage to have also 
two plane mirrors corresponding with these ; with such a four- 
mirror ophthalmoscope the surgeon is fully equipped for every 
detail of ophthalmoscopy and retinoscopy. 

The importance of system in his methods is so often im¬ 
pressed upon the student that he is liable to underrate it 
through sheer,reiteration. It will perhaps suffice to say here 
that in using the ophthalmoscope he will inevitably come to 
grief unless he pursues his examination on a well-ordered plan. 
The order of examination should be as follows : 

(1) Preliminary examination with the mirror alone at a 
distance of about 1 metre from the patient; 

(2) Examination with the mirror alone at a distance of 
about 20 cm. (reading distance) from the patient; this is 
sometimes called the distant direct method ; 

(3) Examination by the indirect method ; 

(4) Examination by the direct method. 

The following facts will impress upon the student the 
reasonableness of this procedure. By (I) we obtain knowledge 
of the nature of the refraction of the eye under examination ; 
this will prevent many little difficulties when we come to 
closer quarters. By (2) we see any gross changes, especially 
opacities in the refractive media ; these may be made at once 
evident by this method, whereas they may be very puzzling 

* The student is advised to procure a good ophthalmoscope at the outset 
of his clinical work in the medical wards. The cheaper forms are not only 
waste of money, but are a perpetual source of annoyance. The modification 
of Couper’a ophthalmoscope, generally known as Morton's, is most strongly 
recommended. In recent years various self-luminous ophthalmoscopes have 
been devised. In most of these half the aperture of the ophthalmoscope is 
used for illuminating the fundus from a small electric bulb contained in the 
instrument, the other half being used for observation. The lamp is run off 
a small dry battery which may be placed in the handle of the ophthalmoscope. 
J*ft the polarising ophthalmoscope the light is plane-polarised, thus eliminating 
the troifblesomo corneal reflex (vide p. 109). Self-luminous ophthalmo¬ 
scopes are particularly useful for examining bed-ridden patients. They 
have the disadvantage that they are seldom suitable for examination 
by the indirect method—a method which should never be omitted before using 
the direct method. 
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if first observed by (3) or (4). In addition, we shall see the 
details of any very hypermetropic part of the fundus, such as 
a detached retina or glioma of the retina ; these also are by 
no means difficult to miss by (3) and (4). By (3) we get a 
general view of the fundus—the largest possible area under 
moderate magnification; it is exactly comparable to micro¬ 
scopic examination with a low power. By (4) we examine 
details under a higher magnification ; it is exactly comparable 
to microscopic examination with a high power. 

The student should begin by taking a patient ^hose pupils 
have been dilated with atropine, e.g., a boy of twelve or 
fourteen who has come for the correction of his refraction. 
The atropine will have had the additional advantage of having 
paralysed the patient’s accommodation. The observer should 
know his own refraction. 

The patient is taken into the dark room and seated beside 
the light. The light is placed to the side Which is to be 
examined, but well behind the level of the patient’s face ; the 
eye should be as much as possible in darkness. The observer 
sits facing the patient, about a metre from him. He reflects 
the light from the large ophthalmoscope mirror into the eye, 
meanwhile looking through the sight-hole. This requires a 
little practice, but is quickly mastered. When the light falls 
on the eye he notices a red reflex from the pupil. There ought 
to be no black spots in the pupillary area, but either a uniform 
red reflex or obscure details of the fundus. By tilting the 
mirror to and fro in various directions he can obtain an 
approximate idea of the refraction of the eye {vide p. 107). 

The observer now stands up and approaches the patient 
until his eye, still with the large mirror, is about 9 inches from 
the eye under observation. He can now see the cornea and 
iris clearly, and can confirm any points which he has macle out 
previously by the external examination. 

He then sits down again at about a metre from the patient. 
Still keeping the light upon the eye with the large mirror, 
with his left hand he holds the large convex lens, which be 
will find in the ophthalmoscope case, close in front of the eye. 
He will be wise not to hold the lens absolutely vertical, but 
to tilt it very slightly. He will probably see only the magni¬ 
fied iris through the lens. He now watches the red reflex 
from the pupil, and slowly withdraws the lens from the eye 
towards himself. At a certain point he will see an inverted 
image of the fundus quite clearly. The indirect method 
requires also some practice, but the amount required may be 
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much diminished and much greater accuracy attained if the 
optical conditions under which the examination is made are 
thoroughly understood. These will be explained immediately. 

Having obtained a good general view of the fundus, the 
observer again approaches the patient. He now uses the 
small tilted mirror of the ophthalmoscope. The mirror is 
tilted so that it faces towards the light. Looking through the 
sight-hole he first gets the light upon the eye; this is best 
effected from a short distance away. When the light is well on 
the pupil api the observer can see the red reflex he approaches 
slowly nearer and nearer, watching that the light does not 
leave the pupil, until his brow is almost or quite touching the 
patient’s brow. If now both the patient and theobserver are 
emmetropic, the inexperienced observer will probably see the 
details of the.fundus only indistinctly. He should then turn 
up with his index finger applied to the milled disc on the 
back of the ophthalmoscope successively stronger concave 
glasses (usually marked with white numerals). He will then 
probably see the fundus quite clearly. The image is erect, 
i.e., the opposite of that by the indirect method. Here again 
practice is needed, and a knowledge of the optical conditions 
is quite essential. 

We will now consider the chief features which are to be learnt 
in each stage of the examination, and how they are to be learnt. 

I. Preliminary Examination with the Mirror at I metre. 
We will suppose that the observer is emmetropic, or that his 
refraction has been corrected, and that the accommodation of 
the observed eye is at rest or paralysed. In examining the 
right eye the patient is told to look at the observer’s right 
little finger which is held up; this is easily done while holding 
the ophthalmoscope. In examining the left eye the patient 
is tola to look at the observer’s left ear. In this manner the 
optic disc, which lies a little to the nasal side of the posterior 
pole of the eye, is brought into the observer’s line of vision. 
When the optic disc is opposite the pupil we shall notice from 
a distance of 1 metre that the red reflex becomes paler or even 
whitish. 

If the eye is highly hypermetropic or myopic we shall see 
some details of the fundus, e.g., a few vessels running across 
the reflex. The explanation is easy from what we have already 
learnt* 

Consider first the hypermetropic eye. If we think of two 
spots on the retina, say at opposite edges of the disc, the rays 
reflected from these points will form two bundles of divergent 
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rays when they leave the eye, just as if they came from the 
corresponding virtual remote points behind the eye (Fig. 79). 
The greater the distance from the eye, the greater will be the 
area over which these divergent rays will spread, so that at 
1 metre some of the peripheral rays of each pencil will enter 
the observer’s eye. By a slight effort of accommodation the 
observer will be able to bring these divergent rays to a focus 
on his retina, so that he will obtain a clear image of each point, 
and necessarily also of the intervening region. It is exactly as 
if the eye were taken away and the two points were situated 
at the remote points. Hence the image will be erect. 

*If the observer now shifts a little to one side, the observed 
eye remaining stationary, more rays will enter his eye from 
the neighbourhood of the opposite point, and les^ from the 



Fig. 79.—Examination with the mirror at 1 metre. 0 lt observed eye, 
which is hypermetropic ; 0 2 , observer’s eye, emmetropic, but accom¬ 
modated for the divergent rays from O r 


neighbourhood of the point on the same side as that to which 
his movement is directed. Although the points remain 
stationary, more of the fundus on the opposite side and less 
of the fundus on the same side will be seen. Hence the joints 
will seem to move in the same direction as his own movement. 
The observer mentally regards the very sharp outline of the 
pupil as a fixed object of comparison, and as more of the 
fundus on the opposite side comes into view, whilst a corre¬ 
sponding amount on the same side disappears, this is mentally 
interpreted as a movement of the image in the same direction. 

If, therefore, when the light is reflected into the eye at a 
metre distance we see vessels in the pupillary reflex, And if they 
appear to move in the same direction when the head is moved 
slightly to one side, we conclude that the eye is hypermetropic. 

Consider now the myopic eye (Fig. 80). Here the emitted 
rays from the two points will be strongly convergent in each 
case, and a real inverted image of the points and intervening 
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area will be formed at the remote point of the eye, i.e., between 
the observer and the observed eye. The rays will diverge 
from this image, and the effect will be exactly the same as 



Fro. 80.—Examination with the mirror at 1 metre. O lf observed eye, 
which is highly myopic ; 0 2 , observer’s eye, emmetropic, but accom¬ 
modated for the divergent rays from the far point of O x . 

if there were an actual inverted object in this position. If the 
myopia is sufficiently high, the image will be beyond the 
observer’s near point, so that he will be able to accommodate 
for it. If he moves to one side he will see more of the observed 



Fia. 81.—Examination with the mirror at 1 metre. () 1 , observed eye, 
which is emmetropic ; 0 2 , observer’s eye : none of the rays from the 
widely distant points on tho fundus of O l enter O a . If the points are 
close together the ra.ys of the two bundles will bo nearly parallel, and 
would form a clear image on the retina of O a if the accommodation of 
O a were almost completely in abeyance. 

fundus on the same side and correspondingly less on the 
opposite side, so tbat the fundus will appear to have moved 
in the opposite direction. 

If, therefore, when the light is reflected into the eye at a 
metre distance we see vessels in the pupillary reflex, and if 
they appear to move in the opposite direction when the head 
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is moved slightly to one side, we conclude that the eye is 
myopic. 

What will happen in emmetropia (Fig. 81) or low myopia, 
for the effect will be similar 'i Here the rays passing out of 
the eye from the two points will be parallel or very slightly 
convergent, and their direction will be that of their axes, 
which is the continuation of the lines joining the points with 
the nodal point of the eye. As these axes constantly diverge 
from one another, the observer at a distance of 1 metre cannot 
receive portions of both pencils of rays upon his qwn pupil, 
consequently he cannot obtain a clear image of the whole 
intermediate region between the spots. He may get a clear 
image from two spots very close together, but only if his 
accommodation is almost completely suspended, so that 
nearly parallel rays are brought to a focus upon his retina. 

The same reasoning applies to low hypermetropia, for here 
the remote point of the eye is so far behind the refina that the 
rays diverge very little when they leave the eye. so that they 
are almost parallel. 

If, therefore, when the light is reflected into the eye at a 
distance of a metre we see only a red reflex in the pupil, with¬ 
out any details, we conclude that the eye is either emmetropic 
or has only a low degree of ametropia. 

A still simpler means of discovering the condition of the 
refraction is as follows. Still throwing the light into the eye 
with the large concave mirror we tilt it gently in various 
directions. We shall see a shadow move across the pupil; 
if the shadow is very dark there is considerable error of refrac¬ 
tion. If it moves in the opposite direction to that in which 
we move the (concave) mirror the eye is hypermetropic ; if 
in th*e same direction it is myopic. This method is used # for 
correcting refraction, and we shall consider it in detail later 
(see Retinoscopy). 

II. Preliminary Examination with the Mirror at the con¬ 
venient distance for near vision (22 cm.). At this distance 
the observer will be most suitably situated for distinct unaided 
vision, and he will be able to examine the superficial parts of 
the eye more accurately. If he is presbyopic he will naturally 
have to correct his presbyopia, and he may have t» use a 
convex lens if he is strongly hypermetropic. If he is very 
myopic he will have to approach closer. 

The advantages of a preliminary examination in this manner 
are (1) the recognition of opacities in the refractive media; 
(2) the recognition of a detached retina or other substance not 
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far behind the lens ; (3) the confirmation of the results found 
by the external examination. 

(1) The diagnosis of opacities in the refractive media. If the 
eye is normal there will be a red reflex from the pupil. If there 
is any opaque body in the course of the rays reflected from the 
fundus it will stop these rays and will therefore appear black. 
The whole field may be black, as when the lens is entirely 
opaque, or when there is blood in the vitreous. In the latter 
case oblique illumination will show the red blood behind the 
transparent len6 if it is sufficiently far forward in the vitreous : 
the blood* looks red in this case because of the light reflected 
from its surface. • 

Opacities vary in shape, size, and position. We are parti¬ 
cularly concerned to discover their position, as this frequently 
gives the key to their nature. 

The first point to determine is whether the opacity is 
movable. This is done by telling the patient to move his eye 
in different directions—towards the ceiling, towards the floor, 
to the right, to the left—and then to look straight forward. 
A floating opacity will then continue to move after the eye is 
brought to rest. It must therefore be either in the aqueous or 
vitreous. In the former position it can be seen and diagnosed 
by other methods. If it is in the vitreous and is freely movable 
we also learn that the vitreous is fluid, which is not its normal 
consistency. If the opacity moves only with the eye it may be 
in the cornea, lens, or vitreous, which, under these circum¬ 
stances, will have its usual viscous consistency. 

The next point is to determine its exact position. This is 
effected in the preliminary examination with the mirror alone 
by parallactic displacement. 

In Fig. 82, if 4 is the centre of rotation of the eye, stod if 
therte are opacities at 1, 2, 3, 4, 5, then, when the eye is rotated 
a small amount, the opacities, 1, 2 and 3, in front of the centre 
of rotation will move in the direction of rotation, and 5, 
behind the centre, will move in the opposite direction, while 4, 
at the centre, will not move. It is obvious that the amount of 
movement will be greater the farther the opacity is from the 
centre of rotation. Now, we have no means of defining the 
centre yf rotation by ophthalmoscopic examination, but all 
thejnovements will be referred to the edge of the pupil for 
comparison {vide p. 105). If the observer is situated at A, 
all the opacities will appear as a single spot in the centre of 
the pupillary reflex. If he shifts his position to B, or if the 
eye is rotated a corresponding amount in the opposite direc- 
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tion, the opacity 2 will remain in the centre of the pupil, whilst 
1 will appear to move towards one edge of the pupil, and 3, 
4 and 5 towards the opposite edge, 5 being lost entirely behind 
the iris. 

Hence we deduce the rule that if the eye is moved slightly 
in a given direction, opacities in the pupillary plane will 
appear stationary ; those in front of that plane will move in 
the same direction, and those behind will appear to move in 
the opposite direction, the amplitude of apparent movement 
being a rough indication of their distance from the pupillary 
plane. 

*There is another guide which we may make use of, viz., 
the corneal reflex. This is the image of the mirror formed by 



image (vide p. 26) situated about 4 mm. behind the anterior 
surface, i.e., a short distance behind the anterior surface of 
the lens (behind 2 in Fig. 82). The centre of curvature of 
the cornea is situated 8 mm. behind its anterior surface, i.e., 
less than 1 mm. behind 3 (Fig. 82). The corneal reflex will 
always cover this latter spot, the centre of curvature of the 
cornea, no matter what the position of the eye. Hence an 
opacity situated here will always be covered by the corneal 
reflex; opacities in front of the centre of curvature move in 
the same sense with regard to the reflex as the eye moves.; 
and opacities behind it move in the opposite direction to the 
movement of the eye. Therefore, in Fig. 82, in the first 
position of the eye, the opacities 1, 2, 3, 4, 5, will all appear 
in the centre of the corneal reflex (A'); in the second position 
they will appear as in B'; so that an opacity at the posterior 
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pole of the lens will scarcely leave the edge of the reflex, 
whereas an anterior polar opacity will move much farther 
from it. 

One peculiar apparent opacity is seen by the mirror alone, 
and this method affords the surest means of discovering the 
defect. This is the edge of a dislocated lens, or the notch in 
the edge of the lens in congenital coloboma of the lens. When 
the edge of the lens crosses the pupillary area it is seen as an 
intensely black crescent, sharply defined peripherally but 
merging centrally into the clear red reflex. The reason of this 
appearance is that the whole of the light reflected from the 
fundus which falls upon the extreme edge of the lens is totally 
reflected within the lens; none of it leaves the eye, so that 
none can enter the observer’s eye. 

We not infrequently meet with very fine opacities, especially 
in the vitreous. If we use a concave mirror and a bright light 
we shall probably fail to see them, the reason being that these 
very delicate opacities are partially transparent, so that if the 
light is very bright some passes through them and contrast is 
reduced. Contrast is further reduced by reflection of light 
from their surfaces. They are, as it were, drowned in light. 
In order that we may be sure of not missing fine opacities the 
best method to adopt is to use a plane mirror. The rays 
reflected from a plane mirror are divergent (vide p. 25); hence 
less light enters the eye. If we have no plane mirror available 
the light should be reduced, but this is not so satisfactory. We 
may increase our chances of seeing the specks if we place a 
convex lens behind the mirror, which will have the effect of 
magnifying them (Fig. 21). 

(2) The recognition of detached retina, &c. A detached 
retina is situated much in front of its normal position ; It is 
therefore in the position of the fundus of a very hypermetropic 
eye. "When light is thrown in from a mirror at reading dis¬ 
tance light will probably be reflected from the surface in such 
a way that some rays will enter the observer’s eye. A difference 
of reflex in different directions is noticed, red in some, grey or 
black in others. More minute investigation will reveal a 
whitish or greyish uneven surface upon which there are almost 
black w%vy lines ; these are the retinal vessels. Particular 
stress is laid upon this point, because the appearances of a 
detached retina by the indirect and direct methods may be 
very puzzling to the beginner. If the precaution is always 
taken of commencing the examination with the mirror alone 
little difficulty is likely to arise. 
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Besides a detached retina we shall also be able to see 
anything else in a similar position, e.g., a tumour pushing 
the retina forwards, or a tumour of the retina itself (glioma), 
and so on. 

None of these will be seen unless they are pushed forwards 
very considerably ; hence we must not asseverate the absence 
of a detached retina, &c., if we fail to see it by this method. 

(3) Confirmation of the results found by the external examina¬ 
tion. We are able by this method not only to confirm the 
results previously arrived at by external examination, but also 
to supplement them by important subsidiary information. 
Thus we arc able to map out the limits of opacities in the lens 
much more accurately, since they now appear black on a red 
background, and as has already been shown we can determine 
their exact position with much, greater precision. 

We may have noticed a black spot in the iris in a case with 
the history of a foreign body having gone into the eye. It is 
probable that the foreign body has passed through the iris, 
and that the black spot is a hole. The examination with the 
mirror often at once settles the question, for if there is a hole 
we shall be able to find some position in which a red reflex 
can be seen through the hole. The absence of a red reflex 
does not prove the absence of a hole, for the lens may be 
opaque behind the hole. 

The following is a somewhat similar example. We have 
noticed a black patch at the ciliary margin of the iris, convex 
in outline towards the pupillary margin. It may be a mela¬ 
notic sarcoma of the ciliary body growing forwards and impli¬ 
cating the iris : or it may be a separation of the iris from its 
ciliary attachment (iridodialysis). In the latter case it will be 
possible to obtain a reflex through it by the mirror, whereas in 
the former it will be opaque. 

We have said that by this method opacities in the refractive 
media appear black. Superficial opacities, however, such as 
those in the cornea and near the anterior surface of the lens, 
can be seen in their natural colours by approaching still nearer 
to the eye. Under these conditions more light is reflected 
from the surface of the opacities and some of it enters the 
observer’s eye. It will be objected rightly that now we shall 
be within our near distance and consequently shall not be 
able to see anything clearly. This is true, but it can be 
obviated by assisting our accommodation by putting up 
gradually stronger convex glasses behind the. ophthalmoscope 
mirror as we approach the eye. This has the additional 
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advantage of magnifying the opacity. If we approach very 
close to the eye and place a + 20 D lens behind the mirror we 
shall see the opacities highly magnified. This glass will be 
acting very much like an ordinary magnifying glass, so we 
shall have to focus it in much the same manner. We therefore 
start a little distance from the cornea and watch carefully as 
we get nearer and nearer; there will come a point when the 
opacity is very clearly defined. 

Suppose now that under the same conditions, with the 
-+* 20 D lens in the position for seeing the cornea, we wish to 
examine an‘opacity near the surface of the lens it can be done 
in two ways. We may continue to approach still nearer until 
it comes into focus ; or we can use a weaker lens, retaining our 



Fig. 83.—Indirect method. Illumination of the fundus, showing the 
course of rays from the source of light to the mirror, through the lens, 
and through the eye ; also the area of the field of illumination. 


original position. The weaker lens is most easily produced by 
moving up stronger and stronger concave lenses in front of jdie 
+ 20* until the opacity is accurately focussed. This is made 
possible in most ophthalmoscopes by having a 4- 20 D lens 
set in a disc which lies behind the sight-hole : the lens can be 
turned into position when required, and does not interfere with 
the use of the other lenses at the same time. The opacity in 
the crystalline lens will, of course, not be quite so highly 
magnified by the second as by the first method. 

III. The Indirect Method. The indirect method of exami¬ 
nation with the ophthalmoscope consists essentially in making 
the eye, whatever be its refraction, highly myopic by placing 
a strong convex lens in front of it (Figs. 83-85). The 
effect ©i this will be to form a real inverted image of the 
fundus between the observer and the convex lens, as will be 
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easily understood from the accompanying diagrams. If the 
eye is already myopic the convergent rays which come from 
any point on its fundus will be made still more convergent by 
the lens, and the inverted image which is always formed in 
myopia will be brought close to the lens. If the eye is emme¬ 
tropic the parallel rays emitted will be made strongly conver¬ 
gent, and where they cross the inverted image will be formed. 
If the eye is hypermetropic the rays will still be made conver¬ 
gent, for the lens used is so strong that the divergence in 
hypermetropia is never strong enough to prevent it. 

It will be seen that with the same lens the inverted image 
is formed at different dis¬ 


tances beyond it according 
to the refraction of the eye. 
If the lens is kept at a con¬ 
stant distance from the eye, 
e.g., its own focal distance, 
the emmetropic image will 
be formed at the focal distance 
of the lens beyond it: the 
myopic will be nearer to 
the lens, the hypermetropic 
farther from it (Fig. 85). 

In all cases the image is 
magnified, the amount of 
magnification depending 
upon the refraction of the 
eye, the strength of the lens, 
and its distance from the 



Fig. 84. —Indirect method. Emer¬ 
gent rays from the fundus, showing 
the formation of the image. In the 
figure the lens is situated at the 
anterior focal plane of the eye ; the 
rays which are parallel inside the 
eye, therefore, pass through the 
optical centre of the lens. The rays 
which pass through the nodal point 
of the eye are rendered convergent 
by the lens. The points where these 
two systems of rays cross give the 
position of the image, which is seen 
to be inverted. 


eye. With a -j- 13 D the fundus of an emmetropic eye is 
magnified about five times. 

One of the greatest difficulties in using the indirect.method 
is the group of reflexes formed by the eye and the surfaces of 
the lens. We have seen that the cornea forms a reflex of the 


mirror when it is used alone. This reflex, when seen through 
the convex lens, is magnified, so that it may cover the pupil 
and prevent anything behind being seen. But the surface of 
the lens towards the observer acts like another convex mirror 


and forms another reflex situated behind the lens. Similarly 
the surface of the lens near the patient acts likfe a concave 
mirror and forms a reflex on the observer’s side of the lens. 


These reflexes are very troublesome, but they may be got out 
of the way by a little manoeuvring. It has been said that the 
two lens reflexes, which are the most troublesome, are images 
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of the mirror formed on opposite sides of the lens. If we tilt 
the lens a little it will be found that these reflexes move in 
opposite directions, and we can look quite comfortably between 
them. We must be careful not to tilt the lens more than is 
necessary, because if we look obliquely through a tilted lens 
objects appear distorted : in fact we produce one type of 
astigmatism. The distorted image of the disc produced in 
this manner may be attributed to astigmatism in the eye, when 
none is really present. 

Another difficulty which the beginner usually experiences is 
due to gettirfg too close to the patient. If he understands the 
position of the image which he is looking for, as described 
above, he will discover why he can see no sharp image when 
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Fig. 85. —Indirect method. Position of the imago according to the 
refraction of the eye. In this figure the lens is situated at its own 
focal distance from the cornea. In omractropia the parallel emergent 
rays, therefore, cross at the principal focus of the lens E. In myopia 
the convergent emergent rays eross nearer to the lens than its principal 
focus, viz., at M ; in hypermetropia the divergent emergent rays cross 
farther from the lens than its principal focus, viz., at H. 

he is too close to the patient. Most people using the indirect 
method think that they are looking at the pupil. As a matter 
of fact, when the fundus is seen clearly, they are not accom¬ 
modating for the pupil, but for the real image of the fundue, 
which is in the air somewhere between the lens and the observer. 
Now we can only see an object clearly with the unaided eye if 
it is at a convenient distance away. Consequently, if the 
observer gets so close to the patient that he is less than the 
distance of his near point from the aerial image he cannot see 
it clearly. 

If we like to do so we can get over this difficulty and still 
remain closer to the patient. In order to do so, the observer 
must help His accommodation by putting up a convex lens in 
front of his eye. If we put up a + 1 D or + 2 D behind the 
ophthalmoscope mirror, we shall not only see the image clearly 
at a shorter range, but we shall also magnify it, an additional 
advantage. 
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As regards the position of the convex lens before the patient’s 
eye, there is a considerable range over which we can see the 
fundus quite well, but some positions are better than others. 
In practice we find the best position by putting the lens close 
to the eye to start with, steadying it by the little finger applied 
to the patient’s brow, and gradually bringing it farther away 
from the eye until the best position is obtained. 

Theoretically, from the point of view of the maximum field 
of fundus seen, the best place for the lens is its own focal 
distance from the patient’s pupil. But this is the very worst 
place from the point of view of the corneal reflek. The latter 
is situated near the level of the iris (4 mm. behind the 
cornea, vide p. 109). If the convex lens is at its focal distance 
from it, the rays from this image will be made parallel by the 
lens, i.e., the reflex will fill the whole area of the lens, and we 
shall see nothing else. Hence the best position for practical 
purposes is either nearer to or farther from the eye than this 
position. We shall see later that a convenient distance is 
when the lens is at its focal distance from the anterior focus 
of the eye. Here, slight tilting of the lens, besides shifting 
the lens reflexes out of the way, will also move the corneal 
reflex and the image of the fundus in opposite directions, and 
so get the corneal reflex out of the way. 

We can tell by the indirect method whether the eye is 
emmetropic or ametropic by observing the effect of shifting 
the lens on the size of the image of the fundus. We use the 
disc as the best guide, getting it into the field by telling the 
patient to look in the appropriate direction, i.e., towards the 
raised right little finger when examining the right eye, towards 
the left ear when examining the left. 

* Place the lens close to the eye and gradually bring it farther 
away. If the image of the disc does not alter in size the eye 
is emmetropic ; if it gets smaller the eye is hypermetropic ; 
if it gets larger the eye is myopic. 

If we understand whv this is so, we shall be able to remember 
what happens in each case. Imagine two points, a and b, upon 
the fuudus, e.g., upon opposite edges of the disc (Pig. 86). If 
they are illuminated, one of the many divergent rays emitted by 
each must be parallel to the axis. These two ray?, when they 
pass out of the eye, will cross at the anterior, focus of the eye, 
whatever its refraction may be, as long as the error is one of 
undue length or shortness (axial ametropia) They will cross at 
the anterior focus because they are parallel to each other before 
refraction. Now, suppose that the convex lens used in the 
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indirect method is situated at its focal distance from the anterior 
focus of the eye. These two rays, after they have crossed, will 
meet the convex lens, and since they come from the focus of the 
lens they will be parallel to each other after refraction. As we 
have already seen (p. 113), under such circumstances the image 
of the fundus is formed in emmetropia at the focal distance of 
the convex lens (F 1 ) from it (E) : in myopia the image will be 
nearer the lens (M), in hypermetropia farther away (H). The 
two rays which we have been considering must represent the 
images of the two points on the fundus. Hence the distance 
between them after refraction by the eye and by the lens will 
give the size of the image of the portion of fundus between a and b. 
We see therefore that when the lens is at its own focal distance 
from the anterior focus of the eye the magnification of the image 
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is the same in emmetropia, in axial myopia, and in axial hyper¬ 
metropia. 

If the lens is nearer the eye than the above distance (Fig. 87), 
the rays under consideration will diverge after refraction by the 
convex lens. Hence, if the lens is less than its own focal distance 
from the anterior focus of the eye, the magnification is greatest 
in axial hypermetropia, least in axial myopia, and intermediate 
in emmetropia. Conversely, if the lens is farther from the eyft, 
the raysi under consideration will be convergent after refraction 
by it. Hence, if the lens is more than its own focal distance from 
the anterior focus of the eye, the magnification will be greatest 
in axial myopia, least in axial hypermetropia, and intermediate 
in emmetropia. f 

In curvature ametropia, such as we meet with in astigmatism, 
the results are not quite the same, but they are easily deduced 
if we remember that there are now two anterior foci to the eye, 
one for each, meridian. There are also two nodal points. When 
the lens is at its focal distance from the cornea the magnification 
is the same in emmetropia and any ametropia of curvature. 
In these ^circumstances the disc appears circular. If the lens 
is nearer the eye the image is elliptical, with its long axis in the 
less refractive meridian, i.e., generally horizontal. If the lens 
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is farther from the eye the long axis is in the more refractive 
meridian, i.e., generally vertical. As mentioned before, it is 
essential that the lens should be held almost vertical, as any 
inclination makes it itself astigmatic. If the disc is really oval, 
as in high myopia, the axis of the ellipse will of course remain 
unaltered. 

Ametropia of index of refraction occurs in old age. Aphakia, 
the condition when the lens has been removed, may be considered 
an extreme form of index ametropia. Here the position of the 
nodal point remains invariable, and if the convex lens is at its 
focal distance from this point the image is the same size in emme- 
tropia and ametropia of index of refraction. If the lens is moved 
•closer to the eye the image increases in hypermetropia and 
diminishes in myopia, while it remains the same in emmetropia. 



Since the image is formed at a considerable distance beyond the 
focus of the lens in the high hypermetropia of aphakia it is con¬ 
venient to use a stronger lens, e.g + 18 D. 

• Differences of level of two points near each other on the 
fundus are made very evident by parallactic displacement in 
the indirect method. Thus, in Fig. 88, if there are two spots, 
a and b, at different levels in the fundus, e.g,, on the edge of 
the disc and at the bottom of a glaucoma cup, when the lens 
is shifted slightly so that its optical centre moves from o 1 to 
o 2 , the images of a and b will move from a x to a 2 and b x to & 2 . 
It is of historical interest that this displacement was at one 
time wrongly interpreted, so that a glaucomatous cupping of 
the disc was diagnosed as a swelling. 

IV. The Direct Method. In the direct method the observer 
approaches as close as possible to the patient’s eye (Fig. 89). 
If the eye is hypermetropic the emergent rays will be diver¬ 
gent, as if coming from the virtual remote point behind the 
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eye. Owing to the short distance between the eyes a large 
pencil will fall upon the observer’s pupil, and may be brought 
to a focus upon his retina if he makes a suitable effort of 
accommodation. If he is presbyopic, or if his accommodation 
is relaxed, he will only obtain a clear image by placing a 
convex lens behind the sight-hole of the mirror (Fig. 90, H). 

If the observed eye is emmetropic the emergent rays will 
be parallel, and consequently can only form a clear image upon 
the observer’s retina if his accommodation is absolutely 
relaxed (Fig. 90, E)—unless, indeed, he counteracts the amount 
of his accommodation by a corresponding concave lens in 
front of his eye {vide p. 119). 

If the observed eye is myopic the emitted rays are conver¬ 
gent. If the myopia is moderate the real image of the fundus 
at the far point of the eye will be behind the observer’s head, 
i.e., he will catch the convergent rays before they have come to 



Fig. 88.—Indirect method. Parallactic displacement. 


a focus. These convergent rays, entering his emmetropic eye, 
are brought to a focus iniiis vitreous ; hence he cannot possibly 
obtain a clear image unless he counteracts the convergence 
by an equivalent concave lens behind the mirror (Fig. 90, M).‘ 
If the observed eye is very highly myopic its punctum remo- 
tum will be situated somewhere in the space between the eye 
itself and the observer’s retina, and it may be in such a position 
that it is impossible to obtain a clear image with any correction. 
For example, the remote point may be just behind the sight- 
hole of the mirror. Here it is too close to be accommodated 
for, and no correcting glass situated at the same position will 
have any efEpct upon the rays, for they will nearly all pass 
through the optical centre of the lens. The practical outcome 
of this discussion is to get as close to the eye as possible. 

■ Much stress is generally laid upon the necessity and the 
difficulty of relaxing one’s accommodation in examination by 
the direct method. It is difficult to relax the accommodation 
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entirely when the eye is apparently close to the object looked 
at. The observer should try to think that he is looking at a 
very distant object, but even then, as soon as he directs his 
attention to details of the picture, he is almost certain to 
accommodate.. It is best for the beginner not to worry him¬ 
self about this point: if he cannot see an emmetropic fundus 
clearly let him put up minus lenses until he does. After he 
has acquired facility in seeing anything at all it will be soon 
enough for him to grapple with this difficulty. 

The image by the direct method is always erect. Thus, in 
hypermetropia it is exactly as if the observer were looking at 
<mi actual object situated at the remote point of the eye, i.e., 
some distance behind the eye. In myopia the converging 




Fig. 89. —Direct method. Illumination of the fundus, showing the 
course of rays from the source of light to the mirror and through the 
eye ; also the area of the field of illumination. Compare with Fig. 83. 

rays are caught before they cross ; they are made suitably 
lc!fes convergent by the correcting lens behind the mirror, so 
that again an erect image is seen. In emmetropia the emer¬ 
gent rays are parallel and are, therefore, also caught before 
they cross—at infinity ; hence, again, an erect image is seen. 

The image is always magnified, and it is magnified more 
than by the indirect method. In emmetropia the fundus is 
seen magnified about fifteen times. In hypermetropia it is 
magnified less, and in myopia more than in emmetropia. 

The field of ophthalmoscopic vision by the direct method, 
i.e., the area of the fundus which can be seen, varies with the 
distance of the observer from the eye and with the refraction 
of the eye. It increases as the eye is approached—another 
reason for getting as close to the eye as possible. It is greatest 
in hypermetropia, least in myopia, and intermediate in emme- 
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tropia. Thus, we see the largest area, least magnified, in 
hypermetropia, and we see the least area, most magnified, in 
myopia. 

In astigmatism the magnification is greatest in the more 
myopic meridian, and least in the more hypermetropic. In 
the usual form of astigmatism the image of the disc is an 
ellipse with the long axis vertical—the opposite of the usual 
image by the indirect method, with the lens near the eye ( vide 



retina of the observer’s eye, 0 2 . In emmetropia, E, the emergent 
parallel rays are brought to a focus on the retina of 0 2 if the accom¬ 
modation of this eye is absolutely at rest. In hypermetropia, H, th» 
emergent divergent rays are brought to a focus on the retina of 0 2 , 
eitfier by means of accommodation or by placing a convex lens in 
front of 0 2 . In myopia, M, the emergent convergent rays can only be 
brought to a focus on the retina of 0 2 by placing a concave lens in 
front of 0 2 . 

p. 116). It is obvious that there can be no clear image of the 
whole field by the direct method in astigmatism. Only lines 
perpendicular to the meridian which is corrected are seen clearly. 
Lines in any meridian other than the two principal ones can¬ 
not be seen clearly by any spherical correcting glass, ( but only 
by a cylindrical lens or combination of a spherical and a 
cylindrical. 

From what has been said it is obvious that the correcting 
lens behind the sight-hole of the mirror also represents the 
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spectacle glass which will be required to correct the refraction 
if it is placed in the same position. This, of course, is only 
true if the observer is emmetropic, or has his refraction cor¬ 
rected, and if his accommodation is quite at rest. Since it is 
difficult to relax the accommodation completely, this method 
of determining any error of refraction should only be used as 
a rough estimate, unless the observer is an expert. 

If there is a difference in level between two points on the 
fundus, e.g., the edge of the disc and the bottom of a glaucoma 
cup, it is made manifest by the direct method alao by paral¬ 
lactic displacement. If we focus the edge of the disc and then 
rffbve slightly to one side the edge of the disc will appear to 
move over the bottom of the cup, i.e., it moves in the 
opposite direction. An object farther forward, therefore, moves 
in the opposite direction to the movement of the observer’s 
head. 

The difference in level can be accurately mea*sured. In the 
example given, the bottom of the disc will be relatively myopic 
to the edge, since it is farther away from the back of the lens. 
If the eye is emmetropic and the edge of the disc can be seen 
clearly without the assistance of any correcting lens we akall 
require a concave lens to see the vessels at the bottom of the 
cup clearly. It can be proved that if the correcting lens is at 
the anterior focus of the eye a difference of 3 D is equivalent 
to 1 mm. difference of level. We must get as close as possible 
to the eye when measuring differences of level, because only 
then are the conditions of accuracy fulfilled. If, with the 
observer’s accommodation at rest, he sees the edge of the disc 
clearly with no correcting lens, but requires — 3 D to see the 
bqttom clearly, he knows that the bottom is 1 mm. behind 
the edge. He will of course see the bottom clearly jvith a 
higher concave lens if he counteracts the excess by accom¬ 
modating * hence he must be careful to choose the lowest 
minus lens. 

Similarly projections forwards can be measured. Here the 
observer chooses the highest convex lens with which he can 
see some well-defined point on the top of the eminence. The 
same rule that 3 D is equivalent to 1 mm. holds good. Suppose, 
for example, that he is measuring the swelling of the disc in a 
case of papilloedema. He first finds the highest convex glass 
with which he can see clearly a retinal vessel a little distance 
away from the disc. He then finds the highest convex glass 
with which he can see a vessel or a small haemorrhage as 
near the top of the swollen disc as he can judge. The 
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difference between the two lenses will give the height of the 
swelling. 

It will be seen that the difficulty of relaxing the accommo¬ 
dation enters into this estimation. The student need not, 
however, be dismayed. Very fairly accurate results can be 
obtained without relaxing the accommodation, for if he is 
accommodating the same amount when he measures the top 
of the swelling that he is when he measures the level of the 
surrounding fundus the difference between the two observa¬ 
tions will he the same as if he was not accommodating at all. 
He can ensure this fairly well by always choosing the highest 
convex lens ; it is safest to choose the lens which just makes 
the object looked at appear a little blurred. Of course, the 
eye may be myopic ; if for “ convex lens ” in the above 
description “ relatively convex lens ” be substituted (— ID 
being relatively convex to — 4 D) the principle is the same. 

An object ifi the vitreous, e.g., a large opacity, is in the same 
condition as the fundus of a hypermetropic eye. If the eye is 
emmetropic, so that the fundus is visible without any correct¬ 
ing lens, the opacity can be examined either by accommodating 
for it or by putting up convex lenses until it is clearly focussed. 
If it is close behind the lens, accommodation will have to be 
assisted by a convex lens in any case, unless the observer 
withdraws farther from the eye. It will be seen, therefore, 
that by putting up convex lenses from 0 to -f- 20 D we can 
thoroughly explore the emmetropic eye from the fundus to the 
surface of the cornea. 

Examined in this manner the appearance of opacities in the 
vitreous or lens will vary with the amount of light stopped by 
them, i.e., by their density, and with the amount of light 
reflected from their surfaces. If they are very dense they will 
appear black against the background of the red reflex- If they 
are semi-transparent they will appear red or wliit-ish according 
to the relative amounts of light transmitted from the fundus 
and reflected from the surface ( v . p. 110). A detached retina 
may therefore look red or white, according to its degree of 
transparence. If much light is reflected from the surface 
details may be seen upon it; otherwise it appears uniformly 
black. 



CHAPTER VIII 
The Fundus Oculi 

When the fundus is observed by the indirect method it is 
seen to be of a bright red colour. This is due chiefly to the 
4 blojpd circulating in the choroid. In people of dark complexion 
no choroidal blood vessels are seen on account of the retinal 
pigment epithelium, which, while dense enough to blur any 
details, is not sufficiently so to prevent the colour of the blood 
manifesting itself. 

The Optic Disc. The first object to be sought* is the optic 
disc or papilla (Plate III., Fig. I). As already mentioned, it is 
done by making the patient look slightly towards the nasal 
side. The reflex then suddenly changes from bright red to 
pale red, and if the optical conditions are properly arranged in 
accordance with the directions given in the last chapter the 
disc will be clearly seen. 

The disc is pale pink in colour, the tint showing considerable 
variations within the limits of normality. It is nearly circular 
but seldom perfectly so; it is about 1 * 5 mm. in diameter, but 
of course is seen magnified. The oval appearance due to 
astigmatism must be borne in mind (vide p. 120). The edges 
are usually quite sharp, but sometimes a little irregular. Not 
uncommonly, especially in old people, there is a narrow white 
ring* around the pink disc, the scleral ring; this is due to the 
choroid and the pigment epithelium of the retina not extend¬ 
ing quite up to the margin of the disc so that the sclerotic is 
seen through the retina. Sometimes there is a ring of black 
pigment around the margin of the disc, due to the retinal pig¬ 
ment epithelium being heaped up here. More commonly parts 
of the circumference have black patches, but they are not con¬ 
tinuous. These features are of no importance from the patho¬ 
logical point of view. 

The disc itself is seldom uniformly pink. The central part 
is usually paler and may be quite white, and this lighter area 
may extend nearly to the temporal edge of the disc ; it rarely 
extends quite to the edge. The temporal side is therefore 
normally paler than the nasal. The central vessels emerge 
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from the middle of this white area, and careful examination 
with the direct method will show that the area is a funnel- 
shaped depression, the physiological cup. This cup varies very 
much in different eyes. When it is very deep the central part 
may be seen to be speckled with grey spots ; these are the 
meshes of the lamina cribrosa through which the nerve fibres 
are passing. Sometimes there is scarcely any physiological 
cup; the disc is then more uniformly pink, and the central 
vessels may have already divided before they come to the sur¬ 
face. The true nature of the physiological cup is best under¬ 
stood by*comparing the ophthalmoscopic picture with a 
microscopic section vertically through the nerve head. • 

The colour of the disc is due to the white fibres of the 
lamina cribrosa seen through the vascularised nerve fibres. 
Where the nerve fibres are thinnest, i.e., in the cup, the white 
lamina shines through brightest. The grey spots in the 
lamina, when they are seen, are due to the non-medullated 
nerve fibres reflecting less light than the white connective 
tissue fibres. 

The Retinal Vessels. The retinal vessels are derived from 
the central artery and vein, which usually divide into two 
branches at or near the surface of the disc. These branches 
are above and below, and form a superior and an inferior 
tTunk (Plate I.). Each trunk usually divides into two, one of 
which sweeps up or down towards the temporal side, the other 
sweeping up or down towards the nasal side. These branches 
are called the superior and inferior temporal and nasal arteries 
and veins. They divide dichotomously into innumerable 
branches. 

The arteries are distinguished from the veins in being 
lighter red and narrower. The veins have a purplish tint hnd 
are often more convoluted; less frequently the arteries are 
tortuous. What is seen is the blood column, not the actual 
vessel wall, which is transparent. Each, but especially the 
arteries, may have a bright silvery streak running longitu¬ 
dinally down the centre, due to reflection of light from the 
convex cylindrical surface. 

The mode of branching of the vessels is subject to great 
variation, though it is derived from the fundamental type 
described. The variations are generally of no practical import¬ 
ance. The primary division of the superior and inferior trunks 
usually* takes place on or very near the disc. The nasal 
branches run much more radially than the temporal, which 
make a very decided sweep to avoid the macula. 



PLATE III. 



Y io. 1— Normal fumlus. 



Fid. 2.—Normal fundus : “ tigroid ’’ variety. 


[To face p 124. 
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Follicular conjunctivitis. 
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The Macula lutea is situated about 3 mm. or 2 disc-dia¬ 
meters (2 p.d.) to the temporal side of the edge of the disc, and 
is a little below the level of the horizontal meridian. It is very 
difficult to see without a mydriatic, for the bright light on this 
most sensitive spot causes maximal constriction of the pupil: 
the corneal reflex then usually obliterates all view. It may 
generally be seen by using very dim illumination. 

The macula varies in appearance according to illumination, 
refraction, complexion, &c. In general, it' is a small circular 
area of a deeper red than the surrounding fundus, ^sometimes 
looking almost black. There is nearly always a foveal reflex, 
dr 3 to reflection of light from the walls of the foveal depres¬ 
sion. This is most frequently seen as 
a silvery ring of light hiding every¬ 
thing behind it: it may be circular 
or oval, according to the incidence of 
the light and the refraction of the eye. 

Often there is an intensely bright spot 
at or close to the fovea, also due to re¬ 
flection. The deeper red of the macula 
is due to the thinness of the retina, 
so that the specially vascular chorio- 
capillaris of this region is seen more 
clearly : shadows thrown by the edges 
of the foveal depression may contri¬ 
bute a share to the deepening of the 
colour. 

The macular region is supplied by Fig. 91.—A cilio-retinal 
twigs from the superior and inferior artery, 

temporal arteries, and by small branches 
coming straight from the disc. There are no retinal blood 
vessels actually at the fovea (Fig. 5), and none can be seen 
ophthalmoscopically for a little distance around. Occasion¬ 
ally there are small arteries (cilio-retinal) derived from the 
ciliary system. They start near the edge of the disc, run 
inwards, and then bend sharply outwards towards the macula 
(Fig. 91). 

The General Fundus. The appearance of the general 
fundus varies enormously within healthy limits. It is especi¬ 
ally determined by the complexion of the patient, which may 
be taken as an index of pigmentation in different parts of the 
body. In people who are neither very dark nor very light the 
spaces between the retinal vessels show a uniform redness, 
occasionally with a very delicate punctate stippling, especially 
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towards the periphery. In albinos the choroidal vessels are 
seen clearly, the spaces between them being white, due to the 
sclerotic shining through. In partial albinism the macular 
region usually shows a uniform normal redness, the lack of 
pigmentation being manifested peripherally. Subjects of this 
condition are generally found to have had very light hair as 
infants. In very dark people the fundus is a darker red, and 
indications of the choroidal vessels are often seen as indefinite 
brighter red streaks. Sometimes the pigment between the 
choroidal vessels is particularly dense, or the pigment is 
deficient fti the retinal pigment epithelium, while the choroid 
is deeply pigmented: the choroidal vessels arc then sfen ' 
separated by deeply pigmented polygonal areas (i tigroid or 
tesselated fundus ) (Plate III., Fig. 2). 

There is no difficulty in distinguishing the choroidal from 
the retinal vessels when both are visible (cf. Plate X., Fig. 2). 
The former are broader and ribbon-like, without any central 
reflex streak: they anastomose freely, unlike the retinal 
vessels, which, do not anastomose at all. Moreover, in certain 
parts, their anatomical distribution is very characteristic (vide 

p. 11). 

All the details of the fundus will be seen much better by the 
direct method, unless the eye is very myopic, when the magni¬ 
fication is so great and the area seen is so small that it is 
difficult to find any particular spot. 

Under normal conditions no pulsation can be seen in the 
retinal arteries. The retinal veins, however, may often be 
seen to pulsate at or near the edge of the disc, or indeed 
wherever they take a very sharp bend. This is usually due to 
transmitted pressure. The blood pressure is lowest in the 
veins near the disc, and there is a certain amount of obstfuc- 
tion to the flow of blood as the vessels pass through the narrow 
neck at the lamina cribrosa. With each arterial pulsation the 
intraocular pressure is suddenly raised slightly, so that the 
pressure on the outside of the walls of the veins is increased. 
This causes a sudden increased obstruction to the outflow of 
blood from the eye ; the wall of the vein becomes slightly 
compressed, recovering itself during the arterial diastole. 
Hence pulsation is observed, and it will be seen best where 
the intravenous pressure is least, viz., nearest the heart, i.e., 
at the disc, and where there is any additional obstruction, viz., 
near the lamina cribrosa and at any sharp bend. The venous 
pulsatjpn can be increased or made manifest if absent by slight 
pressure on the globe, which has the effect of increasing the 
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intraocular pressure. This normal venous pulse is seen with¬ 
out the artificial aid of pressure on the globe in 70 to 80 per 
cent, of people. It will be noticed that it is diastolic ; it has 
therefore been called the negative venous pulse. 

Two other-forms of venous pulse occur in pathological 
conditions. 

The positive venous pulse is presystolic, continuing into the 
systolic phase : it is due to tricuspid regurgitation, and is per¬ 
mitted by the normal insufficiency or absence of valveB in the 
jugular veins. The transmitted centripetal venous pulse is an 
accentuation of the normal tendency of the pulse wave to pro¬ 
gress through the capillaries into the veins, owing to the intra¬ 
ocular tension. It is due to venous congestion, with or without 
increased vis a tergo , 

Visible arterial pulsation is always pathological. The blood 
pressure in the ophthalmic artery is only a few mm. Hg 
below that of the carotid in animals (vide p. 16). Considering 
the differences of blood supply it would be unwise to apply the 
result directly to man, but there is no doubt that the pressure 
in the central artery is far above the intraocular pressure. It 
would not be surprising, therefore, if the pulse wave were 
transmitted and could be seen. There are two reasons which 
militate against this : (1) the intraocular pressure damps the 
pulsation, and the increase in pressure which accompanies 
each pulsation is spread over the whole volume of the contents 
of the globe, and is transmitted to the plastic sclerotic; (2) such 
pulsations as survive this damping effect are too slight to be 
observed in such small vessels by ordinary ophthalmoscopic 
examination. 

Two types of arterial pulsation occur pathologically : (1) a true 
pulse wave, accompanied by locomotion of the vessels ; (2) an 
intermittent flow of blood, or pressure pulse. In the latter the 
arteries fill only with the heart beats, being empty between them ; 
it is only visible on the disc, and may be produced in a normal 
eye by external pressure upon the globe by a finger applied to 
the lid. This type of pulsation is a pure pressure phenomenon, 
and is caused by any considerable increase of intraocular tension 
with normal or lowered blood pressure, e.g., in glaucoma, or by 
any considerable diminution of blood pressure with normal 
intraocular pressure, e.g., in syncope, orbital tumours, &c. The 
true arterial pulse occurs in cases of aortic regurgitation or 
aneurysm, in exophthalmic goitre, &c.; it is not confined to the 
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disc. It is equally a pressure phenomenon, but the differences 
of pressure are smaller. 

Capillary pulsation is seen only in aortic regurgitation as a 
systolic reddening apd diastolic paling of the disc. 

The order of examination of the details of the fundus should 
be systematic. Applying the indirect method we obtain a 
general view. The patient is instructed to fix the gaze in 
such a direction that the disc is brought into view. It will 
occupy about the centre of the field, and a considerable area 
around will be visible. Any gross abnormality is detected at 
once. Thfc shape and colour of the disc, the arrangement of 
the vessels, the colour of the choroidal reflex (its uniformity or 
tesselation), gross abnormalities (white or pigmented spots, 
&c.), are readily noted. The patient is then directed to look 
up to the ceiling, to the right, to the left, and down to the 
ground; in the latter position the upper lid is gently raised by 
a finger of thahand which is holding the large lens, as otherwise 
it will cover-the pupillary area. In this manner the periphery 
of the fundus is brought into view. Even when the central 
parts of the fundus are uniformly tinted the periphery often 
displays traces of the choroidal vessels, associated with greater 
pigmentary stippling or a diminution of pigment. Only 
minute investigation with the direct method can show whether 
this is normal or pathological. The characteristic type and 
distribution of the pigmentation of retinitis pigmentosa is best 
demonstrated in this manner. 

It cannot be too strongly emphasised that examination by the 
indirect method should not be neglected. The topographical 
distribution of lesions in the fundus is often more important for 
diagnostic purposes than minute details. The introduction °f 
self-luminous ophthalmoscopes has led to some carelessness in 
this respect. 

Having thus obtained a good general idea, the systematic 
examination is repeated by the direct method, paying special 
attention to points which the indirect method has left uncer¬ 
tain. The details of the disc—physiological or pathological 
cupping, blurring of the edges or swelling, abnormalities of 
the edges in the form of crescents and so on—are inspected. 
Attention is then turned to the vessels. Abnormalities in 
arrangement or distribution, the presence of cilio-Tetinal 
vessels, &e., are noted. The details of the individual vessels— 
their relative size, irregularity of contour or varicosity, visi¬ 
bility^ the walls as shown by the presence of white lines along 
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the edges, abnormalities of the reflex streak, &c. are investi¬ 
gated. The vessels are traced towards the periphery and the 
smaller vessels inspected. Changes often occur near the vessels, 
such as small haemorrhages, white spots of exudate, &c. ; these 
are carefully looked for. 

Next the macula is examined : this should never be omitted. 
It may be brought into view by telling the patient to look into 
the light: with unintelligent patients it is best to say nothing, 
but fix the temporal edge of the disc and pass horizontally 
outwards for a distance of about two papilla diameters (a con- 
vfjpient unit in ophthalmoscopic topography), when the 
macula will be found. If the patient, is not under a mydriatic 
or the pupil movements are not abolished by disease (optic 
atrophy, &c.) the light should be lowered so that the constric¬ 
tion of the pupil may be reduced to a minimum. The corneal 
reflex is always troublesome, but has to be dodged. Any 
abnormality at or near the macula is of the utmost import¬ 
ance. Black or white spots are often very difficult to distin¬ 
guish from shadows or reflexes . if either can be made out by 
any means (e.y., the use of a concave lens) to have a definite 
sharp contour, and if they do not seem to shift in the slightest 
degree when a minute movement is made with the mirror, it 
may be concluded that they are pathological entities. 

Finally, the periphery of the fundus is investigated. It is 
important to know how far out we can see by the direct 
method. With modern ophthalmoscopes and full dilatation 
of the pupil it is possible to see almost to the ora serrata, 
especially if the sclera is slightly indented with a squint hook. 
The periphery, even in an emmetropic eye, is usually best seen 
with a low convex lens, owing to the obliquity of the axis of 
the rays as they pass through the crystalline lens. * 
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point if it is 60 metres from the eye. Those in the second 
line will subtend 5 minutes if they are 36 metres from the eye ; 
those of the consecutive lines 24 metres, 18 metres, 12 metres, 
9 metres, and 6 metres. Sometimes smaller letters correspond¬ 
ing to 5 metres, 4 metres, 3-5 metres are used. 

A person with average acuity of vision ought therefore to 
be able to read the top letter at 60 metres, the second line at 
36 metres, the third at 24 metres, and so on. Now, it would 
be very inconvenient to have to alter the distance between 
the patient and the letters to this large extent. A numerical 
convention which gives a fair comparative estimate of the 
value of different acuities of vision has therefore been adopted. 

The patient is kept at a fixed distance from the types. This 
distance should never be less than 5 metres, or preferably 
6 metres. At such a distance the divergence of the rays in 
the small bundle which enters the pupil is so slight that it 
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Fig. 93. 


can be neglected, the rays being considered parallel, if the 
distance were 3 metres, for example, an appreciable amount 
of accommodation would have to be exerted by an emmetropic 
eye in order to bring the rays to a focus upon the retina : 
hence the estimate of distant vision would be fallacious. 

A normal patient 6 metres from the types ought to be able 
to read every letter from the top to the end of the 6 metre 
line ; many people can read more in a good light. Suppose 
the patient can only read the 18 metre line. His distant 
vision is obviously defective. The numerical convention 
which is used to record this is a fraction in which the numerator 
is the distance at which he is from the types, and the denomina¬ 
tor is the distance at which a person with normal vision ought 
to be able to read the last line which he succeeds in reading. 
The patient under consideration will therefore have his distant 
” 6 

vision recorded thus : V = The normal patient’s vision 

1 O 

# 6 
will be V 

o 
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These tractions give an indication that the normal patient’s 
vision is unity, whilst the other patient’s is one-third as good. 
The fraction should not be reduced in this manner, because 
it is only an accurate numerical estimate under special con¬ 
ditions. It should be used merely as a convention, just as 
numbers are used to indicate variations in tension. If the 
fraction is reduced much valuable information is lost. In its 
original form it indicates the actual types used and the actual 
distance away from the types ; it therefore eliminates doubt 
as to the accuracy of the application of the test. 

The amount of illumination on the test card has a consider¬ 
able influence on normal visual acuity. It has been found 
that the acuity rises rapidly as the illumination is increased 
from zero up to 5—10ft. candles; and more slowly up to 
1,000 or more ft. cs. {v, p. 684). The illumination of the test 
card should never be allowed to fall below 10 ft, candles, and 
it would be advantageous if the standard illumination recom¬ 
mended by the Council of British Ophthalmologists were 
universally adopted. 

If the patient cannot read the largest letter he is told to 
walk slowly towards the types. At a certain distance he may 
be able to see the top letter. He should then be moved back 
a little, since he may not have understood exactly where to 
look. In this manner the farthest point at which he can dis¬ 
tinguish the top letter is determined. If this is 3 metres, 
the vision is recorded thus—V = 3/60. Perhaps he is unable 
to see the top letter even close to it. In that case he is asked 
to count the extended fingers of the surgeon’s hand, held up 
at about 1 metre against a dark background: the distance 
is-varied to obtain about the maximum. This is recorded 
thus—V = fingers at 1 metre. If he cannot count fingers he 
is told to look at the light, either artificial or the window; 
the surgeon’s hand is then moved between the eye and the 
light. If he can distinguish the movements of the hand it is 
recorded as V = hand movements. If he is unable to distin¬ 
guish hand movements he is taken into the dark room and 
the light is alternately switched on and off, or light is concen¬ 
trated on his eye with a convex lens or with the ophthalmo¬ 
scope mirror, and he is asked to say when the light is on the 
eye and when it is off. If he succeeds in doing this, V = p. 1. 
(perception of light). If he fails to see the light at all the 
vision is recorded as Y = no p. 1. 

It does not follow that a patient who reads 6/6 is emme¬ 
tropic : he cannot be myopic unless he is screwing up his 
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eyes, and in any case he cannot be very myopic. He may, 
however, be hypermetropic, for by an effort of accommodation 
he can bring the practically parallel rays emitted by the 
letters to a focus on his retina. We wish, then, to find out 
if he is accommodating. It is done by finding out the highest 
convex lens, placed before his eye in a testing spectacle frame, 
with which he can still read 6/6. 

Directly a convex lens is placed before the eye in a patient 
who has good accommodative power it tends to make objects 
look blurred. Hence it is best to start with a convex lens 
which will quite definitely blur the types, and then gradually 
counteract it by placing concave lenses of increasing strength 
in contact with it. A + 4 D lens is put in front of the eye. 
Probably the patient now reads only a few lines. With the 
+ 4 D still in position a — 0*6 D is put in front of it; the 
patient perhaps reads another line. The — 0*5 D is replaced 
by a — 1 D ; ‘he still fails to read 6/6. The — 1 D is replaced 
by — 1*6 D ; we will suppose that he now reads 6/6. This 
proves that he has average normal vision with a + 2 *5 D lens. 
With the assistance, therefore, of a 2*6 D convex lens he can 
relax his accommodation the corresponding amount. It by 
no means follows that this represents the total amount of his 
hypermetropia. As has already been pointed out (vide p. 51), 
the younger the person the greater the capacity to accommo¬ 
date. Young people, therefore, have great facility in accom¬ 
modating. If the; are hypermetropic this fund has been 
drawn upon for a long period, so that a condition of partial 
contraction of the ciliary muscle becomes normal to them. 
Sometimes even there is excessive contraction of the muscle, 
so that they become artificially myopic, a condition which is 
called “ spasm of accommodation ” ; it is probably diagnosed 
more often than it occurs. 

The younger the patient, therefore, the easier it will be for 
him to accommodate, and the more difficult to relax his accom¬ 
modation completely. That part which he can relax when 
convex lenses are used as described above is called his manifest 
hypermetropia (Hm.). The part which he is unable to relax, 
which can only be determined by paralysing the ciliary muscle, 
is called his latent hypermetropia (HI.). The sum of the mani¬ 
fest and latent hypermetropia is called the total hypermetropia. 
In extreme youth nearly all the hypermetropia is latent: the 
lens is so resilient that it is impossible to prevent it responding 
to the slightest stimulus. As the lens becomes less plastic 
more and more of the hypermetropia becomes manifest, until, 
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finally, when accommodation disappears entirely, all the 
hypermetropia is manifest. The older the patient, therefore, 
the nearer the manifest hypermetropia represents the total 
amount. 

The vision of the patient in the above example is usually 

g 

recorded thus : V = Hm. + 2-5. 

o 

With intelligent patients who do their best to read as many 
letters as possible without continual encouragement from the 
surgeon, the manifest hypermetropia is obtained with less 
trouble by simply putting up convex lenses of gradually 
ihcreasing strength until the last line which can be read 
becomes blurred. 

An older patient than the one considered in the previous 
example will very likely read more with a convex glass than 
without it. Thus a patient of fifty-five may perhaps read 
only 6/12, while with a -j- 2 D he reads 6/6. * This man has 
a manifest hypermetropia of 2 D. Since he is fifty-five years 
of age he has only 1 D of accommodation left {vide p. 54). 
When he reads with the unaided eye he uses up this 1 D in 
getting as far as 6/12 ; he is unable to accommodate any more, 
so the lower letters are too blurred to read. He may manage 
to read 6/6 with the assistance of a + 1 H, since this, with the 
remnant of his accommodation, will fully correct his hyper¬ 
metropia. On seeking the highest convex glass we find he 
can read 6/6 as well or better with -f 2 D. This, therefore, 
represents his manifest hypermetropia. Such a case is 

6 6 

recorded thus: V — —, Hm. + 2 = 

12 o 

■ Apart from counteracting a convex lens as described above 
the student should not use concave lenses in testing the 
distant vision, unless the patient is under a mydriatic. An 
emmetrope, or even a hypermetrope, if neither is presbyopic, 
will read 6/6 quite well with weak concave lenses in front of 
the eye; he simply accommodates the amount which is 
requisite to counteract the lens. Hence, unless the patient is 
under the influence of a mydriatic, we learn nothing from the 
procedure ; it is therefore redundant. 

Having tested the distant vision and determined the amount, 
if any, of the manifest hypermetropia, the near vision should 
next be tested. For this purpose test types for near vision 
are used (Fig. 94). Snellen’s are constructed on exactly the 
same principle as the distant ones, and are therefore theore- 
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tically more accurate. The legibility of small types has been 
found empirically to be increased by slight modifications in the 
breadths and forms of the letters (vide p. 687). Ordinary types 
in common use are therefore more legible than Snellen’s types 
of corresponding size. Jaeger’s near test types, which are very 
frequently used, are simply the ordinary printer’s founts of 
type, from the smallest upwards (nonpareil, minion, <fcc.). 
They are sufficiently accurate for practical purposes. 

The patient is told to hold the test card. The position 
where he holds it of his own accord will often impart useful 
information. If he is old and holds it a long distance away, 
he is most likely to be an emmetropic or hypermetropic pre*. 
byope. If he holds it closer than the ordinary reading distance 
and reads the smallest type fluently, he is probably myopic, 
whatever his age may be, though children often get into the 
habit of holding books unnecessarily close. 

Take first the example of an emmetrope. We find that he 
reads 6/6, that he has no manifest hypermetropia, and that 
he reads Jaeger 1, holding it of his own accord at ordinary 
reading distance (22 cm. or 9"). This is recorded—Y = 6/6, 
no Hm., J. 1. If no distance is stated in recording the near 
vision it is understood to be the normal distance. 

Take now a patient who reads only 6/60, has no manifest 
hypermetropia, but reads Jaeger 1 fluently, only, however, 
when the card is held closer than normal to the eye. In 
this case the distance at which the card is held should be 
guessed or measured. Let us suppose that it is about 5 inches. 
This is recorded—V — 6/60, no Hm., J. 1 at 5". 

Take now a patient of fifty-five who reads 6/6, and has no 
manifest hypermetropia. We give him the near types, and 
he holds the card a long distance off, but even so cannot read 
Jaeger 1. In this case it is waste of time to discover exactly 
which type he can read, and to measure the distance at which 
he can read it. We know that as he is fifty-five he has only 
1 D of accommodation remaining (vide p. 54). What we wish 
to know is whether he can read Jaeger 1 at ordinary reading 
distance if we correct his presbyopic defect. We therefore at 
once put up a -f- 3 D lens before the eye, tell him to hold the 
types closer, and ask him if he can read the smallest. He will 
probably do so easily. This is recorded—V = 6/6, no Hm., 
c + 3 = J. 1. 

Finally, take a patient of fifty who reads 6/12, but with 
•f 2D reads 6/6. He will hold the near types a long distance 
away as in the last example : if we investigate the question he 
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J. 1 (Sn. 0.5). 50 cm. 

to ili« W f> W at « v®ry gr*ftt distance by my true*-, i* fould not br In* than hft«an or twenty longues off I a»w ftbundum* 
of parrotf. odd fain 1 would hiv* caught one, if possible, to have kept it to tame, and taught it to apeak to me I did. aftir 
wme painstaking, cabch a young parrot, for I knocked it down with a stick, anil having recovered it, I brought it home; 
but it was some years before I could make him speak However, at laet I taught him to call me by my neme \ery familiarly 

J. 2 (Sn. 0.6). 60 cm. 

But the accident that followed, though It be a trifle, will be very diverting In iti place. I waa exceedingly diverted 
with thla Journey. I found *n the low grounds hares, as I thought them to be, and foxes; but they differed 
greatly from all the other kind ’ I bad met with, nor couid I satisfy myself to eat them, thoogh I killed several. 

J. 4 (Sn. 0.8)i 80 cm. 

with a row of stakes, set upright in the ground, cither from one tree to another, or so 
as no wild creature could come at me without waking me. As soon as I came to the 
sodfthore, X was surprised to see that 1 had taken up my lot on the worst side of the 

J. 6 (Sn. fV 1 m, 

ana irom home. However I travelled alofig the shore ol the sea towaras 
the east, I suppose about twelve miles, and then setting up a great pole 
upon the shore for a mark, 1 concluded I would go hoyae again , and 
that the next journey I took should be on the other side of the island, 

J. 8 (Sn. 1.25). 1.25 mi 

east from my dwelling, and so round till I came to my post 
again ; of which in its place. I took another way to come 
back than that I went, thinking I could easily keep all the 

J. 10 (Sn. 1.5). 1.5 m. 

gun, ammunition, hatchet, and other things very 
heavy. In this journey my dog surprised a young 
kid, and seized upon it, and I running in to take 

J. 12 (Sn. 1.75), 1.75 m. 

for I was very impatient to be at home, from 
whence I had been absent above a month. I 
cannot express what satisfaction it was to me to 

J. 14 (Sn. 2.25). 2.25 m. 

Come into my old hutch, and 
lie down in my hammock bed. 
This little wandering journey, 

Fig. 94. —Test-Types fob Near Vision. 

Jaeger TeBt-Types, with approximate Snellen equivalents, and the most remote 
distances at whioh eaoh should be read with average normal vision. 
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will not be able to read nearly as well even a long distance away 
as tbe last patient. He has only 2 D of bis accommodation 
remaining, but he also has 2 D of hypermetropia. We cannot 
therefore expect him to read Jaeger 1 at ordinary reading 
distance unless we not only correct his presbyopia but also 
his hypermetropia. We therefore at once put up a + 4 D, 
and mid that he reads Jaeger 1 at ordinary distance quite well. 
This is recorded—V = 6/12, Hm. + 2 == 6/6, 5 + 4 == J. 1. 

The ordinary rule of presbyopic loss of accommodation, viz., 
1 D for each five years after forty, is a liberal allowance, and 
we often find that patients are more comfortable with less 
{vide p. 55). The lower correction should be ordered and only 
in very exceptional cases slbuld more be ordered. 

An indication of the range of accommodation is given by the 
knowledge of the manifest hypermetropia, combined with the 
ability to read the small types at ordinary reading distance. 
Strictly, the Accommodation should be more carefully tested 
in each case, but this is often neglected. 

The method adopted to find the near point of the eye has 
already been mentioned {vide p. 50). For practical purposes 
it is sufficient to use the smallest Jaeger or Snellen near type 
and approach it nearer and nearer to the eye until it can no 
longer be read. The last point at which it can be read gives 
the near point. The distance of the near point from the eye 
is then measured with a tape. This distance is transformed, 
if necessary, into millimetres (25 mm. = 1 inch), and the 
range of accommodation is deduced from the formula A = 
P—R {vide p. 51). Of course, the full range of accommodation 
in a hypermetrope cannot be accurately arrived at unless the 
total hypermetropia is known; this may require the use ,of 
a mydyiatic. Practically, however, we are chiefly concerned 
in discovering paralysis or paresis of accommodation, such as 
may occur after diphtheria or previous use of a mydriatic. In 
these cases the knowledge of the distance of the near point is 
sufficient. 

The next step—one which is far too often neglected—is in 
every case to test the pupil reactions and record them. If the 
visual tests have shown deficiency it may be necessary to use 
a mydriatic, in which case it will be impossible to test the pupil 
reactions at a later stage of the same visit; hence the import¬ 
ance of recording them at once. 

We should also test the field of vision roughly. 

The Field of Vision.—There are several methods of testing 
the field of vision. 



FUNCTIONAL EXAMINATION 13$ 

(1) A rough, but very useful, method, the so-called con¬ 
frontation test, which should be applied in every case, at any 
rate if there is the slightest suspicion of defect, is as follows:— 

The surgeon stands facing the patient at a distance of 
about 2 feet. The patient covers his left eye with the palm 
of his hand. He is told to look straight into the surgeon’s left 
eye. The surgeon closes his right eye. He then moves his 
hand in from the periphery towards the common line of 
vision of the patient’s right and his own left eye, keeping his 
hand in the plane half-way between the patient and himself. 
Directly he sees it himself the patient ought to say that he 
also sees it. The movements of the hand are repeated in 
various partB of the field—above, below, to the right, to the 
left, and so on. 

This method is extremely simple, rapidly applied, and an 
excellent test. It will be seen that the surgeon tests the range 
of the patient’s field by that of his own, which may be con¬ 
sidered normal; moreover, he is continually watching the 
patient’s eye, so that he can at once observe any deflection 
from the point of fixation. 

The gross defects in the field which are most likely to escape 
recognition are homonymous and bitemporal hemianopia, the 
latter usually due to acromegaly or tumour of the pituitary 
body (Chap. XIX.). They may be roughly tested for by 
telling the patient to look straight at the surgeon, situated as 
before, both eyes being open. The surgeon holds up both 
hands, one in each temporal field, and the patient is told to 
touch the surgeon’s hand. If he asks “ Which one ? ” he 
has not bitemporal hemianopia, since he sees both hands. 
H he promptly points to one hand he should be asked if he 
sees the other ; if he does not, he probably has homonymous 
hemianopia. 

If any defect is indicated by these methods or is suspected 
from other features of the case it must be accurately mapped 
out and recorded with the perimeter. 

(2) The Perimeter .—The perimeter consists essentially of an 
arc, marked on the back in degrees of a circle, capable of being 
revolved round a pivot which the patient fixes with the eye 
under examination (Fig. 95). The chart, which has concentric 
circles marked upon it, corresponding with the degrees on 
the arc, is under the surgeon’s control at the back of the 
perimeter. In self-registering perimeteirs, which are almost 
invariably used, the readings are recorded by perforations 
with a sharp point. 
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The details of taking a perimetric chart can only be taught 
by actual demonstration. It will suffice to emphasise here 
the chief procedures to be followed in order that accuracy 
may be attained. 

The patient is seated with his back to the light. His chin 



Fig. 95.—Lister perimeter and scotometer. 

rests upon the chin-rest; the face is vertical and not tilted 
to one side ; one eye is covered. The other eye, situated at 
the centre of the arc, fixes the white dot around which the arc 
revolves. 

The fifild should first be taken with a white object 10 mm. 
in diameter. At least eight meridians must be investigated, 
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preferably sixteen. If the field is very small a 5 mm. square 
should be substituted, and the process repeated. In each 
meridian the object should be carried quite up to the fixation 
point, as there may be areas inside the limits of the field which 
are blind (absolute scotomata). These should be mapped out 
with the same accuracy as the extreme limits of the field. If 
the scotomata are small the limits mav be determined with an 
intelligent patient best with a very small object, e.g., 2 mm. 
square. The size of the test object and the distance from the 
perimeter may be conveniently recorded by a convention 
similar to the mode of recording visual acuity, e.g. y 10/300, 
!>oth distances being expressed in millimetres (A. H. H. Sin¬ 
clair). With small objects relative scotomata can be found 
which are not demonstrable with large objects. 

Having mapped out the field for white the process should 
be repeated with similar, but coloured, objects.. The limit of 
the field for a colour is the point at which, passing from the 
periphery to the centre, the colour first becomes evident. 
Peripheral to this limit the object may still be perceptible but 
appears grey. The exact limit is difficult to determine, for 
most colours change in hue and saturation as the object passes 
from the fixation point towards the periphery. Red or green 
should be used first, then blue or yellow. Under ordinary 
conditions, the blue field is largest, slightly smaller than the 
white : then follow the yellow, red and green, in the order 
named (Fig. 96). There is a particular purplish-red and a 
particular bluish-green (490 fig) which have the same field ; 
and similarly a particular blue (460 fig,) and a particular 
yellow (570 fig). These pairs of colours are complementary, 
i.%,, a mixture of the red and the green, or of the blue and the 
yellow, produces white. 

The extent of the normal field, with a 10 mm. square, under 
good illumination, is shown in the accompanying chart 
(Fig. 96). The peculiar shape is essentially due to the shape 
of the sensitive area of the retina as projected outwards, but 
is often modified when the field is taken in the ordinary manner 
by interference caused by the nose and the brows ; this com¬ 
plication can be eliminated if, when the field of the right* eye 
is being taken, the head is turned somewhat to the left, and 
vice versd. It is seen that the field for white extends upwards 
45°, outwards rather more than 90°, downwards 70°, and in¬ 
wards 60°. The size varies with the illumination, the size of 
the test object, the contrast of the test object with the back¬ 
ground, and the state of adaptation of the eye. The field for 
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blue and yellow is roughly 10° less in each direction, that for 
red and green another 10° less. The limits of the colour fields 
vary not only with the intensity of the light, but also with the 
saturation of the colour, and above all with the size of the 
object. If these are sufficiently great, colours may be recognised 
almost, if not quite, at the periphery. 

Even the ordinary perimetric observation is a relatively 
rough test and purely subjective. Every student should have 



Fia. ^6.—Perimeter chart of right eye (Landolt). T, temporal Bide; 
N, nasal side; W, for white object; B, for blue ; R, for red; G, for 
green. 

his own field taken: he will then appreciate the difficulties 
which patients experience. The normal physiological response 
to an object in the peripheral field is to turn the eyes towards 
it. In charting the field of vision this normal response has to 
be suppressed, fixation being rigidly maintained while attention 
is directed to an object at the periphery. Hence the first fields 
taken must always be regarded with suspicion, and particularly 
so in th$ case of dull or neurotic patients. The most variable 
factor is the illumination, and sufficient attention is not usually 
paid to this point. With good illumination an object subtend- 
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ing a visual angle of 0*5° will give the full formal field for white. 
The ordinary 10 mm. object at the distance generally used, viz., 
30 cm., i.e., 10/300, corresponds with a visual angle of 2°. 
Deductions made from variations in the colour fields are 
particularly unreliable (vide p. 141). 

Special care must be taken to investigate the central part 
of the field for red and green, since conditions are not un¬ 
common, e.g., tobacco amblyopia and retrobulbar neuritis, in 
which these colours are not recognised by central vision 
(central relative scotomata). The 5 mm. square should be 
placed over the point of fixation and the colour changed; 



Figj. 97.—Diagram of the right eye, showing the relationship of the 
retina to the degrees of the perimetric arc, and the relative value of 
the latter when projected on a tangent scale. n, nodal point. F, point 
of fixation. 


blue and yellow will be recognised as such, but not re^ and 
green. 

(3) For more accurate investigation of details another 
method must be employed, but it is applicable only to the 
central and paracentral areas. It consists in placing the patient 
2 metres from the centre of a large black screen, 2 metres 
or more in diameter (Bjerrum’s screen). The patient fixes 
a spot in the centre of the screen and smaller circular discs of 
ivory, I mm. to 10 mm. in diameter, attached to a long black 
rod are brought in from the periphery on a level with the 
screen. At this distance a 3 mm. object subtends a visual 
angle of about 5 minutes. It will be noticed that, the angles 
being projected on to a flat surface, tangents are recorded, not 
angles themselves as with the arc. Hence only a small area 
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can be investigated, and the distortion must be taken into 
account. Some points of diagnostic importance which cannot 
be elicited by the perimeter can be brought out by this method. 
Various scotometers have been devised on the principle of 
Bjerrum’s screen. 

If the charts of the two eyes are superposed there will be a 
large central area which is common to both eyes : this is the 
field of binocular vision. 

The Light Sense may be roughly tested by means of 
Bjerrum’s test types, which consist of Snellen’s test types 
printed grey on a grey background of different intensity ; or 
it may be tested against the surgeon’s as a control by using 
the ordinary Snellen’s test types and gradually lowering the 
illumination. There are considerable individual differences in 
the rate of development of dark adaptation and facility of 
behaviour under low illumination. These are of great import¬ 
ance in nigHt-operations by the combatant services and to 
civilians during “ black out.” Special methods have been 
devised for their investigation. The administration of 
vitamin A, which is essential to the formation of visual 
purple, does not seem to improve sootopie vision unless 
it is deficient in the diet. The rate of dark adaptation 
may be much prolonged in pathological conditions, e.g., 
retinitis pigmentosa, xerophthalmia, glaucoma, &c. 

The Colour Sense requires elaborate apparatus for its 
scientific investigation. The methods used will be discussed 
later (p. 418). 
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DISEASES OF THE EYE 
CHAPTER X 

Diseases of the Conjunctiva 

% The conjunctiva shows very considerable variations in 
appearance at different ages and in people who follow various 
employments. The peculiarities of colour, vascularity, laxity, 
&c., which are consistent with health can be learnt only by 
repeated observation. 

It is necessary for a scientific appreciation erf pathological 
conditions to be cognisant of the normal structure of a part. 
The conjunctiva is divided into two portions, palpebral and 
bulbar ; the folds uniting these parts are the fornices. The 
palpebral conjunctiva is said to commence at the anterior 
margin of the edge of the lid, but from this point to the pos¬ 
terior margin of the edge (the intermarginal strip) and for 
about 2 mm. beyond (to the sulcus subtarsalis) there is a tran¬ 
sitional zone covered with stratified epithelium and partaking 
of the characters of both skin and conjunctiva (Chap. XXXI.). 
There are two layers of epithelium over the palpebral conjunc¬ 
tiva : from the fornices to the limbus the epithelium become s 
gradually thicker, forming eventually again a stratified epithe¬ 
lium. Below the epithelium is an adenoid layer, consisting of 
loSse connective tissue containing mononuclear lymphocytes : 
below this a fibrous layer, much denser and passing insen¬ 
sibly into the underlying tissues—lid or sclerotic. The palpe¬ 
bral conjunctiva is firmly adherent to the tarsus, while the 
bulbar portion is freely movable over the sclerotic except 
close to the cornea. 

Bacteriology. The conjunctival sac is practically never 
free from organisms. Owing to the relatively low tempera¬ 
ture of the conjunctival sac due to exposure, evaporation of 
lacrymal fluid and moderate blood supply, bacteria do not 
propagate themselves readily. The tears are not a good 
culture medium, and though they contain lysozyme, 
they cannot be regarded as actively bactericidal. They 
contain no agglutinin, and diphtheria antitoxin does not 


145 



146 


DISEASES OF THE EYE 


pass into them when present in the blood. Hence they 
act principally m a mechanical manner, washing away dele- 
terious agents and their products. The presence of dust, 
even if it be sterilised, augments the bacterial content of the 
conjunctival sac. It is also increased by bandaging owing 
to the arrest of movement of the lids and the raised tempera¬ 
ture of the sac. Most of the organisms normally present are 
non-pathogenic, but some of these are morphologically identical 
with pathogenic organisms. Diplococci indistinguishable from, ( 
pneumococci are found; they may be innocuous to animals 
or prove themselves true pneumococci. The conjunctiva of 
many people is immune to pneumococcic infection, though th£ 
same germs transferred to other persons will excite a violent 
inflammation. It may be stated at once that the pneumo¬ 
coccus is one of the most dangerous organisms in the pathology 
of the eye. Another baeterium, the so-called xerosis bacillus, 
is morphologically identical with the diphtheria bacillus; it 
can only be distinguished by skilled examination of cultures. 
Staphylococci are found ; they are relatively innocuous in the 
absence of other organisms, but play an important part in 
mixed infections. Staphyloccoccus albus and xerosis bacilli 
are frequently present in the normal conjunctival sac. There 
are reasons for thinking that their presence favours the 
growth of pathogenic bacteria: thus xerosis bacilli promote 
the multiplication of Koch-Weeks’ bacilli both in cultures and 
on the conjunctiva. Streptococci, Bac. coli, &c., are patho¬ 
genic, but rare. Other pathogenic organisms—gonococci, 
Koch-Weeks’ bacilli, diplobacilli—will be discussed later. 

Inflammation of the Conjunctiva 

Conjunctivitis. Inflammation of the conjunctiva manifests 
itself in many grades and many types. It is always accom¬ 
panied by hypersemia and by increased secretion. The 
hyperaemia varies in degree and in distribution : the secretion 
varies in nature and amount. 

Hyp&remtia may be transitory, or recurrent and chronic. 
The formerls caused by temporary irritation, as by a foreign 
body in the conjunctival sac (which includes the surface of 
the cornea), concretions in the palpebral conjunctiva {vide 
p. 18$), in-growing lashes {vide p. 620), &c.: in such a case 
the increased secretion is almost wholly a reflex secretion of 
teats. A*foreign body, especially a grain of com or the wing 
capsule of an insect, may be retained in the fornix and set up a 
violent unilateral conjunctivitis. Occlusion of the canaliculus 
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{vide p. 652) is easily overlooked. Irritation limited to the lower 
fornix may be artificial in malingerers and hysterical patients. 

Becurrent or chronic congestion may be caused by the 
conditions of life—dusty, ill-ventilated rooms, exposure to 
strong light, &c. Bright light, especially exposure to tropical 
sunlight, acts partly by the glare due to the luminous rays, 
partly by the chemical action of the actinic, especially the 
ultra-violet rays, and partly by the heat, which is chiefly due 
to the infra-red rays. Chronic congestion is often due to 
conditions remote from the conjunctiva itself. Very fre¬ 
quently it is a reflex irritation due to errors of refraction ; in 
such cases the edges of the lids may participate. Other causes 
are found in errors of metabolism—gout, over-eating and 
drinking, and so on. It is a characteristic symptom of hay 
fever, and in this case there may be an excess of eosinophile 
leucocytes in the conjunctival secretion. 

Simple hypersemia of the type described causes a sense of 
discomfort, often described as tightness, grittiness, inability 
to keep the eyes open, tiredness, &c. Bright light is resented, 
but there is seldom true photophobia. The conjunctiva often 
looks quite normal until the lower fornix is exposed, when it 
will be seen that the parts in contact are congested and sticky. 
The discomfort frequently comes on only in the evening or 
after near work. In the gouty cases there may be oedema— 
c hemosis. 

Chemosis affects the most loosely attached parts of the 
conjunctiva, i.e. } principally the bulbar conjunctiva and for- 
nices. The mucous membrane becomes swollen and gelatinous 
in appearance. The swollen membrane forms a wall around 
the cornea, which it may overhang in severe cases. The 
palpebral conjunctiva is little affected, but the tissues of the 
lid are often also cedematous, so that the lids are swollen and 
the upper hangs down over the lower. 

Whenever watering of the eyes is complained of, and when¬ 
ever only one eye is congested or shows signs of conjunctivitis, 
the lacrymal passages must be investigated. Pressure with 
the fifigSt backwards and inwards over the lacrymal sac may 
cause regurgitation of fluid—tears, mucus, or pus—showing 
that the outflow into the nose is obstructed. If no regurgita¬ 
tion can be detected, the position of the lower punctum must be 
noted. It ought to be invisible until the lid is slightly everted. 

The tre^ meM oi simple hypersemia consists primarily in the 
removalofthe cause. Defective conditions of. life must be 
ameliorated if possible. The irritation of strong light must 
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be removed, or modified by the use of dark glasses. If the 
light is not very excessive ordinary neutral tinted (“smok ed ”) 
glasses will suffice. They are better than blue or other 
coloured glasses as they reduce the intensity of the luminous 
rays more uniformly throughout the spectrum. Nearly all 
kinds of glasses cut off a large percentage of the ultra-violet 
rays, especially those of shortest wave length. Sir William 
Crookes prepared a series of synthetic glasses which have 
various absorptive powers. Some of these cut off practically 
all the infra-red and ultra-violet rays, while absorbing the 
luminous rays to only a slight degree. Tinted Crookes’s 
glasses are specially indicated for use in tropical climates anti 
for winter sports. 

Errors of refraction must be corrected. It should be remem¬ 
bered that the error may be artificial, through the use of wrong 
spectacles. The amount and conditions of near work should 
be specifically stated. 

Defects^of the lacrymal apparatus must be treated (Chap. 
XXXII.). If no defect is noted, local treatment of the hyper- 
aemia is ordered for a time; but if the condition does not 
improve, the patency of the lacrymal passages must be demon¬ 
strated by syringing. The beginner must be careful, however, 
that he does not do harm rather than good. 

Errors of metabolism must be treated on general medical 
principles. Such causes are easily overlooked; hence they 
should be specially borne in mind. 

Local treatment consists in bathing the eyes frequently with 
warm boric lotion, with or without a mild astringent, e.g., 
zinc sulphate, gr. | or i to 3 i- A drop of a mixture of equal 
parts of tincture of opium and distilled water, night and morn¬ 
ing, Tyill be found soothing. Hazeline, 20 minims to 3 i., is 
sometimes useful, but varies in its effect in different people. 
Cocaine must be used with diffidence : its effects are transitory, 
and it has a deleterious action upon the corneal epithelium, 
but in quite weak doses often affords much comfort. 

In cases where temporary alleviation—usually of the dis¬ 
figuring signs—is insistently desired, a drop of adrenaline 
solution (1 in 1000) instilled into the eye will remove the 
discomfort and reduce the redness of the conjunctiva. The 
effect is, however, very transitory, but it will often earn 
gratitude. It is especially useful after the removal of a foreign 
body fr«tn the cornea. 

The nature of the secretion in conjunctivitis is of diagnostic 
importance^ It may be watery, mucous, muco-purqlent, or 
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purulent, and the disease is often classified accordingly. Most 
forms of acute conjunctivitis are due to bacterial agency. 
tJnfortunately, each pathogenic organism does not produce 
a specific clinical picture. It is therefore wise in the meantime 
to retain the old clinical terminology. 

Watery secretion is usually due to reflex secretion of tears. 
The other types of secretion show some relation to the bacterial 
cause, and must be distinguished on account of the informa¬ 
tion they convey as to the probable severity of the condition 
and the indication they provide for special measures of treat- 
ment. 

*The chief forms of conjunctivitis may be divided into two 
groups : acute, and sub-acute or chronic. Acute conjunc¬ 
tivitis may be classified as simple acute (including muco¬ 
purulent), purulent, membranous, and phlyctenular. Sub¬ 
acute or chronic conjunctivitis includes simple chronic con¬ 
junctivitis, angular conjunctivitis, follicular conjunctivitis, 
trachoma, tubercle, and syphilis. 

Simple Acute Conjunctivitis ( Syn .— Catarrhal Conjunc¬ 
tivitis). The condition described as hyperaemia of the con¬ 
junctiva passes imperceptibly into a condition characterised 
by greater and more general hyperaemia and a thicker mucous 
discharge which gums the lids together. The lids are usually 
described as being stuck together in the mornings, because the 
condition is most noticed after they have been closed for a 
considerable period. The causes, symptoms, and treatment 
are the same as in simple hyperaemia. 

Various more intense forms of simple acute conjunctivitis 
are met with : they are probably all of bacterial origin, the 
organisms differing in different cases. Among the lower 
classes the disease is called “ blight ” and it is commonly 
attributed to a “ cold in the eyA. w Cold probably acts only 
by lowering the resistance of the tissues to the action of 
organisms. 

The commonest form is Muco-purulent Conjunctivitis. 
Here, as the name implies, the secretion is muco-purulent; it 
is more profuse than in the simpler forms. As in most cases 
of conjunctivitis the disease is contagious, being transmitted 
directly by the discharge and possibly by the air of ill-ventilated 
rooms, though this method is doubtful, since most of the 
organisms are non-sporing and are easily destroyed by drying. 
The whole conjunctiva is a fiery red (“ pink eye ”); all the 
conjunctival vessels are congested, except the circumeomeal 
zone in the milder cases (vide p. 83). Flakes of muco-pus are 
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seen in the fornices, and often between and upon the margins 
of the lids. If the discharge is allowed to dry the lashes 
become matted together by dirty yellow crusts. These may 
be easily mistaken for the condition found in blepharitis, but, 
if the crusts are bathed off, the underlying lid margins will be 

* found healthy. Flakes of 
mucus passing across the 
cornea often give rise to 
coloured haloes, owing to 
tfaeif prismatic action. 
These “haloes” must be. 
carefully distinguished 
from those met with in 
glaucoma ( q.v .). 

The discharge is at first 
mucous, but gradually be¬ 
comes more purulent. Be¬ 
ginners are liable to mis¬ 
take muco-purulent for 
true purulent conjunc- 
_ tivitis. In the former, the 

lio. 88—Koch-Week.' bacilli moIe purulent maBges „ e 

found among the lashes 
and at the inner canthus, whilst the fornices and bulbar con¬ 


junctiva Show only flakes of translucent or yellowish secretion. 
In the latter, crusts of inspissated pus may be seen among 
the lashes and at the canthi, but when the lids are separated 
fluid pus wells out. 

The disease reaches its height in three or four days: if 
untreated it is liable to pass into a less intense, chronic con¬ 
dition. Complications are rare, but abrasions of the cornea 
are liable to become infected and to give rise to ulcers. Occa¬ 
sionally marginal ulcers form—in debilitated or old people, or 
as the result of improper treatment. 

Muco-purulent conjunctivitis frequently complicates phlyc¬ 
tenular conjunctivitis. 

Pathology. Muco-purulent conjunctivitis is frequently 
caused by the Koch-Weeks’ bacillus (Fig. 98). This is a very * 
slender rod, vailing muclfln length. It stains badly with the 
ordinary basic dyes, e.g., Loffler’s methylene blue; it is 
decolourised by Gram. Groups of bacilli found in much 
degenerated “ skeletonised ” pus cells are very characteristic. 

The organism is rapidly destroyed by drying. It has been 
known to give rise to very definite epidemics. In England 
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the cases are usually sporadic, though moderate transmission 
is common. An attack confers immunity for some time. 

The Koch-Weeks’ bacillus is by no means the only cause 
of muco-purulent conjunctivitis. Diplococci which are indis¬ 
tinguishable from pneumococci (Figr99) also cause it, probably 
more frequently in England. Pneumococcic conjunctivitis, 


though not definitely 
separable from the other 
acute forms clinically, 
shows distinct tendencies 
which should be borne in 
iflind, the more so since 
the pneumococcus is the 
cause of hypopyon ulcer 
(g.v.). There is usually 
more oedema (chemosis), 
small ecchymoses are com¬ 
mon, and a membranous 
film may form—“ pseudo¬ 
membranous conjuncti¬ 
vitis.” It is commonest 



in northern countries and Fig. 99.—Pneumococci ( x 1000), 

in the cold weather, and 

is more often found in children than adults. It ends with 


a crisis, like pneumococcic infection of the lungs, after which 
the organism rapidly disappears from the secretion. It is 
often accompanied by nasal catarrh, which may precede or 
follow the inflammation. Iritis is very rare as a sequel of 
conjunctivitis, but pneumococcic conjunctivitis is exceptional 
in .this respect. The inflammation of the iris is set up by 
absorption of toxins (cf. Hypopyon Ulcer of the Cornea). 

The “influenza bacillus,” which is distinguished with diffi¬ 
culty frotff”tHe'^bch'-'Weeks’ bacillus, is responsible for con¬ 
junctivitis during influenza epidemics, more often in children 
than adults. 


The muco-purulent conjunctivitis associated with phlyc¬ 
tenular conjunctivitis is usually due to staphylococcus aureus, 
which may also set up conjunctivitis in esSesoTBlej^aritiirand 
eczema or impetigo of the skin. The organism sometimes 41 
causes a muco-purulent discharge a fter cataract extractio n 
and other operations, and also in tne nfV-bom, probably 
owing to the defective resistance of the tissues in these condi¬ 
tions. In the presence of irritating dust a staphylococcic con¬ 
junctivitis of wight intensity may be set up* The presence of 
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staphylococci is liable to aggravate conjunctivitis set up by 
some other organism. 

Other organisms have been found, but their eotiological 
relationship to the disease is not proved. 

Muco-purulent conjunctivitis generally accompanies or 
follows measles and frequently scarlet fever. It also occurs 
with acne rosacea, when minute nodules, somewhat like 
phlyctens, form at the limbus and on the cornea. It fre¬ 
quently recurs in these cases, and is 
intractable. Muco-purulent conjunc¬ 
tivitis sometimes occurs among people 
who use swimming baths (v. p. 182^. 
It often spreads rapidly through schools 
and other such institutions. 

Treatment. The treatment for 
muco-purulent conjunctivitis consists 
of two main procedures: (a) the 
frequent washing out of the con¬ 
junctival sac with a suitable lotion; 

E’la. 100.— Undine. and {b) the control of the infection 

by appropriate drugs. The lotion 
should be warmed and diluted by the addition of a little 
boiling water. It is well for the surgeon himself or a 
competent nurse to wash out the conjunctival sac the first 
time. For this purpose an “ undine ” (Fig. 100) is the most 
convenient reservoir. The lids are everted and the lotion is 
poured from a little height over the whole surface, every 
crevice being irrigated as thoroughly as possible. The nozzle 
of the undine should not be allowed to touch any part of the 
eye. The patient may be directed to use the ordinary eye- 
bath for the application of eye lotions. If a child, the parents 
should be instructed to hold the lids apart, the child lying 
upon its back. A pad of cotton-wool, dripping with the lotion, 
which may be warmed, is then held over the eye and the lotion 
squeezed out: the process is repeated until all discharge has 
been washed away. The lotion may be warmed by placing the 
bottle in hot water, but the addition of an equal part of hot 
water suffices. • Eye lotions act chiefly by washing out dele¬ 
terious material, since they cannot be used sufficiently strong 
to act as efficient antiseptics. Some considerable antiseptic 
effect, however, may be gained by using solutions such as 
sublimate lotion (lotio hydrargyri perchloridi 1 in 10,000), 
but on the whole boric acid lotion is probably nearly as 
efficacious and is less irritating. Indeed, boric acid lotion or 
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even normal saline solution should be ordered for nervous 


people who are afraid of a little pain, since it is useless to bathe 
the eyes unless the fluid irrigates the conjunctival sac. 

Control of infection is most effectively maintained by the 
use of bacteriostatic drugs. If the organism is sensitive 
to it (and most conjunctival organisms are), penicillin is the 
most effective, administered as drops (500 to 1,500 Oxford 
units per c.c.) every two or three hours. It should be 
administered a little time after an irrigation. The value 
of penicillin is greatest in the acute stage: when the infection 
.has become chronic its effect is frequently temporary and 
r<£apses are common. In these eircamstances it cannot 
replace the older methods of treatment. An alternative but 
much less efficient drug, if penicillin is not available, is 
sodium sulphacetamide (albucid soluble) as drops in 30 per 
cent, solution. 

Boric acid ointment, albucid ointment, or sterife vaseline is 
smeared along the lids at bed-time, or, in children, as often 
as they are put to sleep : it prevents the lids from sticking 
together—a two-fold benefit, that of preventing discharge from 
being retained, and that of obviating pain on opening them. 
A penicillin ointment (1,000 units per gm.) may be employed, 
but it is not so efficacious as the drops, and has a greater 
tendency to cause irritation. 

The eyes should not be bandaged, as it prevents the free 
exit of the secretion. If there is any photophobia a shade or 
dark goggles should be worn. The patient should spend as 
much time out of doors as possible. 

If this treatment is properly carried out, the patient will be 
we]J i n a few days. Even if only partially successful there will 
then be less discharge. • 

If the case is not progressing as rapidly as could be desired, 
or the attendants are not reliable, and if the discharge is sub¬ 


siding, it is wise to _ 

paint the lids once .-— .--c:-— 

with silver nitrate ” ,, im , 

, .. , . Fig. [01.—Glass rod. 

solution (gr. x. to 

3 i.) This is the strength which should always be used for 
painting lids. Stronger solutions act too vigorously as caustics, 
and, if a caustic effect is desired, it can be obtained with greater 


precision by other means. Weaker solutions are precipitated 
by the chlorides in the lacrymal secretion, ‘so that they are 


practically useless. 

The following is the best method of painting lids. A glass 
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rod is used, tapering at each end (Fig. 101). The hnger should 
be passed over the ends each time before use to make sure 
that they are not chipped. The end is dipped in lotion to 
damp it. A very thin wisp of cotton-wool is then tightly wound 
round the end, starting where it begins to taper: this fixes 
the wool. The end of the wisp is left loose, so that it may 
absorb the solution. The other end of the rod is armed in the 
same manner. 

The patient, if a child, is placed upon his back. The lids 
are everted ; the wool, dipped in the silver solution, is applied 
freely to the conjunctival sac, the cornea being protected as* 
much as possible. It is quite unnecessary to neutralise the 
excess of nitrate with salt solution, as is often taught. The 
excess may be mopped up with a pad of dry absorbent wool. 
If, as is usually the case, the other eye is affected, the other 
end of the rod is used in the same manner. In the absence 
of a glass tod' the best implement is an ordinary wooden 
match, used in the same way. The match can be thrown away 
after use. The glass rod must be sterilised by boiling. A 
camel’s hair brush should not be used: it cannot be kept aseptic. 

A single painting with silver nitrate will often produce an 
excellent result. It is good as a prophylactic if discharge is 
inadvertently introduced into a normal eye. Other prepara¬ 
tions of silver—protargol (20 per cent.), argyrol (25 per cent.), 
&c.—are not so efficacious, but they have the advantage of 
being less painful. 

Silver nitrate acts by forming a thin epithelial eschar and 
coagulating the muco-purulent discharge. The bluish-white 
film is cast off in flakes, and until this process is complete the 
feeling of a foreign body in the eye is experienced. The irrita- 
tion.js reduced if the lid is kept everted for a few minutes and 
the flakes gently removed with cotton-wool, a drpp of 2 per 
cent, cocaine solution being then instilled. Silver nitrate is 
not strongly bactericidal, but the organisms are entangled in 
the coagulum and removed with it. Moreover there is a 
powerful physiological response to the caustic; hyperaemia 
increases and the tissues are flooded with blood serum, which 
can thus more effectively exert its bactericidal and antitoxic 
powers. The slighter efficacy of protargol and the modern 
colloid substitutes for silver nitrate is to be attributed to their 
smaller caustic and irritant properties, which are often regarded 
as their ^hief advantages. 

The conjunctiva generally returns to a perfectly normal 
condition. If the case has been neglected and chronic inflam- 
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matory signs persist, astringents should be used as for chronic 
conjunctivitis ( q.v .). 

Since the disease is contagious care must be taken to prevent 
its spread. The patient must keep his hands clean and no 
one else must be allowed to use his towel, handkerchief, &c. 

Purulent Conjunctivitis (Syn.—Acute Blennorrhcea, Gonor¬ 
rhoeal Conjunctivitis) is a much more serious condition. It 
occurs in two forms—as ophthalmia neonatorum in babies, 
and as gonorrhoeal conjunctivitis in the adult. Certainly the 
former, and probably the latter, is not invariably gonorrhoeal. 

• Gonorrhoeal Conjunctivitis (Syn.—Acute Blennorrhcea of 
Tdults, <&c.). Gonorrhoeal conjunctivitis is even more serious 
in the adult than in babies ; fortunately, considering the pre¬ 
valence of gonorrhoea, it is comparatively rare (1 in 700—800 
cases). While generally due to the gonococcus it is important 
from the medico-legal point of view to remember that the 
same features may be found with streptococci, diphtheria, and 
with mixed infections. The gonococcus is a bun-shaped; 
diplococcus, staining readily, decolourised by Gram and 
found within both leucocytes and epithelial cells (Fig. 102). 
The micrococcus catarrhalis and the meningococcus, both 
Gram-negative, are sometimes found in the conjunctival sac. 
They may be distinguished from the gonococcus by Hie ease 
with which cultures are obtained and by agglutination tests. 
The micrococcus catar¬ 


rhalis is rarely found in 
acute conjunctivitis, but 
more often in chronic and 
post-operative forms. 

The disease is due to 
direct infection from the 
genitals. Males suffer 
most, the right eye 
before the left in a right- 
handed person. There is 
more swelling of the lids 
and conjunctiva than in 
children, copious purulent 
discharge, more tendency 
to involvement of the cor¬ 



Fig. 102.—Gonococci (x 1000). 


nea, and marked constitu¬ 
tional disturbance—rise of temperature, and so on, but 
especially very marked depression of spirits. The greater 
danger to the cornea is due to the chemosis, which produces 
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blood and lymph stasis and facilitates the retention of 
secretion. 

The incubation period is a few hours to three days. The 
upper lid becomes enormously swollen and tense, overhanging 
the lower, and edged with pus. Eversion, which is difficult, 
shows that the palpebral conjunctiva is deep red and velvety : 
rarely there is a membrane. Occasionally the discharge is 
sanious rather thaiTpurulent, especially in streptococcic cases. 
There is great pain ; the preauricular gland is enlarged and 
tender, and may suppurate.' 

After two or three weeks the purulent discharge diminishes, • 
but subacute conjunctivitis with much papillary thickeningm 
the conjunctiva persists for several weeks longer. The gono¬ 
coccus is still present—a point of great importance, both as 
regards contagion and treatment. No immunity is conferred 
by the attack- • 

The most important point in diagnosis is the coincidence of 
urethritis. The most important point in prognosis is the con¬ 
dition of the other eye, which, however, in any case usually 
suffers less severely. 

Corneal c omplications are the rule, and constitute the causes 
of blindness." There may be diffuse haziness of the whole 
cornea, with grey or yellow spots near the centre. Ulcers 
may occur at any part, and are due to necrosis of the epithe¬ 
lium through direct invasion by the organisms. Marginal 
ulceration, which may extend completely round the cornea, 
is due to retention of pus in the angle formed by the chemotic 

conjunctiva. When ulceration 
has commenced it progresses 
rapidly and deeply, since -the 
tissues are bereft of their first 
line of defence—the epithe¬ 
lium. Perforation is therefore 
common, with all its atten¬ 
dant dangers (vide p. 202). 
Ulceration commencing late in 
the history is not so dangerous. 

The greatest care should be 
taken to prevent injury to 
the cornea during the manipu¬ 
lation necessary for diagnosis 
and treatment. Abrasions are 
easily produced by the finger 
nails, and even by the rough use of wool swabs. ■ Such 
abrasions rapidly become dangerous ulcers. 
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Pro. 103.—Buller’s shield. 
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Iritis and iridocyclitis, with attendant complications, may 
arise independently of perforation of the cornea, and lead to 
serious diminution of vision. 

Gonorrhoeal arthritis is not uncommon, and endocarditis 
and septicaemia may arise as complications. 

Treatment must be directed first to protection of the 
other eye. Several drops of a solution of penicillin (1,000 to 
2,500 units per c.c.) are instilled, and it is at once sealed up with 
a Buller’s shield, which consists of a watch-glass stuck in a frame 
of adhesive plaster, or better, rubber (Fig. 103). The rubber is 
% hermetically sealed down to the face and nose except at 
tlft lower outer angle, where a small piece of tubing is 
inserted under the edge. If this means of ventilation is 
not adopted the gliss becomes hazy and the eye cannot 
be properly observed; moreover, the irritation to the eye 
is greater. Special attention should be directed to fixing 
the shield near the nose, i.e., on the side of the source of 
infection. Patients should be told to sleep lying on the same 
side as the affected eye. 

If the second eye should show signs of infection it must be 
treated, but every utensil or dressing which is applied to the 
eye must belong to a totally different set from that used 
for the worse eye, otherwise it may be inoculated rather 
than treated. The less affected eye must always be dressed 
first. 

If pus from a gonorrhoeal conjunctivitis spurts into the 
surgeon’s eye, the conjunctival sac should be freely irrigated 
with sublimate lotion and penicillin solution instilled every 
few minutes for half-an-hour and then some half-dozen times at 
half-hourly intervals. The eye should be carefully watched, 
but no further drastic treatment applied unless conjunctivitis 
supervenes. The accident is due to carelessness, for every 
attendant on a gonorrhoeal case should wear protective 
goggles. 

If the disease is fully established and there is any purulent 
discharge, the eye must be irrigated with warm saline and 
intensive penicillin therapy started, using drops in a concentra¬ 
tion of 2,500 units per c.c. every minute for half-an-hour. 
Repeated irrigations are unnecessary since in the first place 
penicillin remains effective in the presence of pus and in the 
second the discharge rapidly disappears. Any pus that does 
accumulate is wiped away with moist pledgets of cotton-wool, 
Penicillin drops are continued at five-minute intervals for a 
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further half-hour, and the treatment consolidated by half-hourly 
and then hourly instillations for two days or so. Astringent 
lotions are then employed (vide p. 173). 

An alternative but less efficacious, although a useful supple¬ 
mentary method of treatment, is the systemic administration 
of a full course of sulphonamides: sulphapyridine or sulpha- 
diazine is probably the best (vide p. 695). 


In default of penicillin treatment most reliance must be placed 
on applications of silver nitrate, but they must be used with ( 
discretion. When not contra-indicated the conjunctiva of tile 
everted lids should be well painted with silver nitrate, gr. 
x r to ■§, i., not oftener than once a day. Special care must 
be taken to avoid injury (vide p. 89). This treatment is 
contra-indicated ,in the very early stage before free discharge 
has set in, 'and also in later stages if there is much brawny 
swelling with comparatively little discharge. Under these 
conditions the stasis is so great that reaction is inefficient; 
the caustic, in fact, induces the necrosis which it should be 
our endeavour to avoid. In such cases hot applications 
and leeches should be relied upon. The latter are applied 
over the temporal region near the outer canthus. If the 
lids are very tight the outer canthus should be split (cantho- 
plasty). The ends of strong blunt-pointed scissors are inserted 
between the lids into the angle under the outer canthus, which 
is then divided by a single snip in a horizontal direction. This 
has the good effect of bleeding the patient slightly, and also of 
giving free exit to discharge. 

The eye is irrigated every two hours during the day and every 
four hours during the night with warm saline (0*85 per cept.), 
boric, or weak sublimate lotion (1 in 8,000), mereurochrome 
(1 per cent.), or acriflavine (1 in 1,500). Iced wet dressings 
are applied in the intervals, but are to be bandaged on quite 
loosely, so as to avoid retention of discharge. The patient 
is kept in bed, and if intelligent, can bathe his lids in iced 
lotion in the intervals. Iced applications afford much relief to 
the patient. 


It is of great importance to attend to the general health. 
The bowels must be kept freely open. The strength must be 
reinforced by every available means—good foods, tonics, 
alcohol if necessary. An occasional sleepmg draught and the 
use of sedatives must be ordered according to general prin- 
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ciplea. Every effort must be made to combat tbe depression 
from which these patients suffer. 

In the final stage of the disease silver nitrate should be used 
at increasing intervals for a week or fortnight after the puru¬ 
lent discharge has ceased. Astringent lotions are then em¬ 
ployed (vide p. 173). 

Atropine should be used in all cases where the cornea is 
involved, since this is always accompanied by some iritis ; 
but the intraocular tension should be watched. 

Corneal complications require very active treatment (vide 
pp. 204, seq.). 

Metastatic Gonorrhoeal Conjunctivitis sometimes occurs in 
adults, associated with gonorrhoeal arthritis. It is a mild 
simple conjunctivitis, generally bilateral, and occasionally accom¬ 
panied by iritis. It is probably due to endogenous infection from 
gonococci in the blood. It usually responds readily to local 
treatment, but is apt to recur if the arthritis relapses. 

Ophthalmia neonatorum is a preventable disease occurring 
in new-born children as the result of carelessness at the 
time of birth; it used to be responsible for 50 per cent, of blind 
children and about 7—8 per cent, of all blind people (8 per 
cent, in U.S.A., de Schweinitz), but recently, although its 
incidence is still high, effective methods of treatment 
should materially reduce its occurrence and the'seriousness 
of the sequelae. It is difficult to obtain reliable statistics 
especially since all cases of discharge from a baby’s eye 
within three weeks of birth have become notifiable as 
opl^halmia neonatorum (vide p. 162). It is obvious that a 
large proportion of these cases are not ophthalmia neonatqrum 
in the narrower sense of the term. True ophthalmia neona¬ 
torum is due to infection by vaginal or faecal matter, or from 
dirty rags used to clean the eyes. Purulent discharge is 
usually noticed on the third day; when it occurs later it is 
generally due to post-partum infection. In rare cases the 
disease is already present at birth. 

Any discharge, even a watery secretion, from a baby’s eyes 
during the first week Bhould be viewed with suspicion, since 
tears are not secreted at this early date. In cases of infection 
the discharge rapidly becomes muco-purulent and then puru¬ 
lent. Both eyes are nearly always affected, though one is 
usually worse than the other. The conjunctiva becomes 
intensely inflamed, bright red, and swollen, and pours out thick 
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yellow pus. Marked chcmosis is a distinguishing feature from 
severe muco-purulent conjunctivitis, and when the lids are 
separated by retractors the cornea is seen at the bottom of a 
crater-like pit. There is dense infiltration of the bulbar 
conjunctiva, and the lids are swollen and tense. Later the lids 
become softer and more easily everted, the conjunctiva 
becomes puckered and velvety, and the blood stasis gives 
place to intense congestion, with free discharges of pus, serum 
and often blood. In some cases a false membrane forms, so 
that the case resembles a membranous conjunctivitis. 

There is great risk of comeal ulceration in ophthalmia 
neonatorum, especially, as is usually the case, when it is due 
to the gonococcus, which has the power of invading intact 
epithelium. The slightest haziness of the cornea should be 
viewed with apprehension. Often the cornea is already 
ulcerated, and not infrequently perforated, when the child 
comes under observation. Ulceration usually occurs over an 
oval area just below the centre of the cornea, corresponding 
with the position of the lid margins when the eyes are closed, 
and, consequently, rotated somewhat upwards. More rarely 
oval marginal ulcers are formed as in the gonorrhoeal conjunc¬ 
tivitis of adults, or the ulceration may be central. The ulcers 
extend rapidly, both superficially and in depth, largely 
owing to lymph stasis due to strangulation of the nutrient 
vessels. 

Perforation is usually signalised by a black spot or area in 
the ulcer, caused by protrusion of the iris. Sometimes perfora ¬ 
tion is sudden, a large part of the iris prolapses, and the lens 
may be extruded. In some cases there is a black hole in the 
cornea, filled with clear vitreous. / 

Metastatic stomatitis and arthritis occur rarely, as in gonor 
rhooal urethritis. The arthritic manifestations usually appeal 
in the third or fourth week and affect knee, wrist, ankle, 
or, sometimes, elbow. The course is benign, abscesses being 
rare. 

The baby’s eyes must be examined as described in method 
(4), p. 81. The surgeon must wear protective goggles lest pus 
spurt into his eyes when the child’s lids are separated. Re¬ 
tractors must always be used for separating the lids, since the 
slightest pressure on the eyeball may result in perforation 
{vide f>. 89). 

A bacteriological examination should be made in every 
case. 

Pathology. Although probably 60—70 per cent, Of cases are 
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due to the gonococcus, the more widespread prophylactic 
treatment of 'fflatdTnll gonorrhoea in Britain in recent years 
has lowered this proportion considerably. Staphylococcal 
infection is common, streptococcal, pneumococcal, coliform, 
diphtheroid or mixed infection rarer; but a large proportion 
of~easea shows no organisms in smears or cultures and 
demonstrates intracellular inclusion bodies in conjunctival 
scrapings. It is probable that some 10 to 30 per cent, of 
cases are “inclusion blenorrhcea,” a venereal virus infection 
derived from the cervix or vagina of the mother. 

Sequela of Ophthalmia Neonatorum. In inadequately treated 
eases serious sequelae may oceur. If the corneal ulcera¬ 
tion heals without perforation there is always much scarring ' < 
of the cornea, but the nebula clears more in babies than in 
older people. Perforation may be followed by anterior ayn e-f- 
chise (f .v.), adherent leucoma {q.v.), partial or total”antefibr 
staphyloma (q.v.), anterior capsular cataract (q.v.), panoph-< 
thalfriitis, &c. Ophthalmia neonatorum is the commonest 
cause of anterior staphyloma. 

When vision is hot completely destroyed, but is very seri¬ 
ously impaired by the corneal opacities resulting from ophthal¬ 
mia neonatorum, the development of macular fixation, which 
takes place during the first six weeks of life^is Interfered with, 
resulting in the development of nystagmus {q.v.), which per¬ 
sists throughout life. Nystagmus may 'hbl become manifest 
until some considerable period after the ophthalmia. 

The disease is preventable ; J^p,bykicti$ treat- 
mentis therefore of prime importance. *^Any suspicious 
vaginal discharge during the antenatal period should be 
treated, and the most meticulous obstetric asepsis maintained 
at birth. The new-born baby’s closed lids should be thorqughly 
cleansed and dried. The lids are then separated, and a drop 
of silver nitrate solution, 1 per cent., instilled into each eye 
(Cred6’s method). The eyes must be carefully watched during 
the first week. 

If the disease is established the treatment should be on the 
lines already indicated for gonorrhoeal ophthalmia; fortunately 
practically all types of infection in ophthalmia neonatorum, 
including the virus infection, are amenable to penicillin. The 
eyes are washed out with saline and if the cornea is involved 
atropine is instilled. A drop of penicillin (2,500 units per c.c.) 
is then instilled every minute until the discharge ceases. Any 
pus is meantime wiped away with cotton-wool, but pus does 
not tend to re-form while this treatment is in progress, After 
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about half-an-hour the clinical picture has altered and although 
there is some swelling of the lids and conjunctiva, the eye is 
dry. Thereafter penicillin drops are continued at 5 minute 
intervals for a further half-hour and subsequently at half-hourly 
intervals for 6 hours, and finally at hourly intervals for a 
further 12 hours. If it seems necessary, treatment may be 
continued at hourly intervals for a further 24 hours, by which 
time a clinical cure is usually obtained. 

Before the advent of penicillin, general sulplionamide therapy 
was the treatment of choice: it is most efficient and should 
always be adopted in those rare instances in which the 
organism is insensitive to penicillin. Sulphatliiazoland sulpha?*- 
diazine are well tolerated by infants and the routine of general 
treatment is indicated on p. 695. It is to be noted that 
sulphacetamide used locally is ineffective, These drugs are a 
great advance over the classical methods of treatment by 
repeated irrigation and painting with silver nitrate. While 
these latter methods took weeks to check the infection, the 
sulphonamides take as many days: penicillin, on the other 
hand, when used, intensively brings about a cure in as many 
hours. 

The Prevention of Ophthalmia Neonatorum and Blindness 
due to this Cause. Though ophthalmia neonatorum is a pre¬ 
ventable disease, and much attention has been directed to 
its prevention, it still remains the cause of a considerable 
amount of blindness, a circumstance all the more regrettable 
inasmuch as the disease is eminently treatable. It was 
made notifiable throughout England and Wales in 1914, 
being defined as a “ purulent, disr.hfl.rpre frpm the eyes of 
an infant commencing within twent y-one days of birth,.” 
TTndejT the "rules ol tiie Central Midwives Board every 
midwife is required, under severe penalties, to call to her 
assistance a medical man in any case of “ inflammation of or 
discharge from the eyes (of the child), however slight,” and to 
send notice to the supervising authority that medical help has 
been sought. The administrative measures ensure that mid¬ 
wives’ cases come promptly under the supervision of medical 
officers who are accustomed to deal with this class of case. There 
is evidence that some medical practitioners fail to recognise 
early and notify promptly cases of ophthalmia neonatorum, 
with the result that efficient treatment is not begun early 
enough to prevent serious impairment of vision or even 
blindness. 

Since most ot the worst cases of ophthalmia neonatorum 
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are gonorrhoeal, the combating of this disease should diminish 
the incidence of blindness. As already mentioned, ante-natal 
measures should be adopted, whenever possible, to cure disease 
causing abnormal vaginal discharge in the mother. Next, the 
greatest care should be exercised to avoid vaginal discharge 
reaching the eyes of the baby at birth. “ As soon as the child’s 
head is born, and if possible before the eyes are opened, its 
eyelids must be carefully cleansed. They should be thoroughly 
wiped with clean material such as cotton-wool, lint, or rag, 
using separate pieces for each eye. . . . When the baby is 
•bathed the discharges with which its body is covered during 
labour are washed off into the bath-water. If its face is washed 
in this water matter may gel- into the eyes.” (Instructions to 
Midwives , by Central Midwives Board.) If there is any 
suspicion of discharge, penicillin drops should be given 
prophylactically. 

Before the advent of penicillin Crede’s method of prophylaxis 
whereby silver nitrate drops were instilled into the baby’s eyes 
was most successful in the hands of medical men, and is to be 
recommended, especially in cases where abnormal vaginal dis¬ 
charge is known to exist. It is not, however, to be recommended 
for universal use by mid wives for the following reasons: (1) The 
midwife may be apt to think that, having dropped a little solution 
into the eye, she has done all that is necessary, and consequently 
neglect the scrupulous cleansing which is even more important; 
(2) the use of drugs will induce an inflammatory reaction which, on 
the one hand, she may mistake for the onset of the disease and 
notify accordingly; or (3) on the other hand, she may regard as 
“ only a, little reactionary discharge ” what is really a manifesta¬ 
tion of the disease itself; 14) the wrong solution may bq used : 
there are several cases on record of strong nitric acid, probably 
supplied for urine testing, having been dropped into the baby’s 
eyes in mistake for silver nitrate. Owing to the proved efficacy 
of Credd’s method and improved administrative arrangements 
these arguments have lost some of their force. 

When ophthalmia neonatorum has actually developed, a 
medical practitioner who has not had very thorough training 
and experience in the treatment of the disease should 
at once instil penicillin drops prophylactically and obtain 
the assistance of an ophthalmic surgeon. It is to be 
remembered that any discharge from a baby’s eyes during the 
first week of life is pathological, and no risks should be taken. 
fliven satisfactory home conditions, competent medical 
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supervision, and skilled nursing, home treatment gives the 
best results. In many cases these requirements cannot be 
fulfilled. In these cases probably the ideal method is to 
transfer both mother and child to a hospital where special 
provision is made for such cases. 

Membranous . Conjunctivitis (Syn.—Diphtheritic ConjuTio 
tivitis). As in inflammation of the throat the surface may 
become covered by a fibrinous membrane, so the same may 
occur in the conjunctiva; and just as the milder clinical 
varieties in the former were distinguished as croupous from 
the severer or diphtheritic, so also with conjunctivitis. It* 
has been placed beyond dispute, however, that mild cases 
may be diphtheritic, and severe non-diphtheritic ; hence it is 
best to speak simply of membranous conjunctivitis until a 
bacteriological examination has placed the matter beyond 
dispute. A variety of organisms other than the diphtheria 
bacillus, e.g., pneumococcus, streptococcus, can produce a 
membrane, especially in weakly children, e.g., after measles 
and scarlet fever, and in association with impetigo; these 
cases are sometimes called pseudo-membranous. They cannot 
be distinguished clinically with certainty. 

Membranous conjunctivitis occurs chiefly in children, and 
shows all degrees of severity; it may be as virulent as the 
worst cases of gonorrhoeal ophthalmia. It is rare in England, 
but it is of the utmost importance that it should be recognised 
when seen, not only on account of the grave danger to the eye, 
but also from the risks of contagion. 

In mil d case s there is some swelling of the lids and a muco- 
' purulenT^r sanious discharge. On everting the lids the 
palpeb/al conjunctiva is seen to be covered with a whife 
membrane, which peels off readily without much bleeding. 

In severe case s the lids are more brawny : the conjunctiva 
is permeated! with semi-solid exudates, which impair the 
mobility, compress the vessels, prevent the formation of a 
free discharge, and tend to necrosis both of the conjunctiva 
and cornea. Here the membrane separates much less readily, 
the underlying surface bleeding unless it is too infiltrated and 
solid. The membrane may be patchy or cover the whole 
palpebral conjunctiva, often beginning at the edge of the lid. 
It is seldom found op the ocular conjunctiva. The pre- 
auricular glpid may be enlarged and may suppurate. The 
temperature is raised, unless the patient is in a moribund 
condition. Albumin is frequently present in the urine. 

For six to ten days there is great peril to the cornea. Then 
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the sloughs begin to separate and the discharge becomes more 
profuse. In a few days the conjunctiva assumes a red and 
succulent appearance. 

There is danger now of 
adhesions forming between 
the palpebral and bulbar 
parts of the conjunctiva 
(symblepharon). 

Post-di phtheritic para¬ 
lysis, even of accommoda¬ 
tion, i s rar e. 

• Cases of less severe but 
more chronic membranous 
conjunctivitis are occa- 
sionally met with. In 
them the membrane is 
cast off, but occurs again 
and again. The patho¬ 
logy of these cases is not 
understood ; it has been s een as a complication of erythema 
multiforme. 

Pathology. Competent bacteriologists have shown that 
there is little or no relationship between the severity of the 
local condition and the presence or absence of the Klebs- 
Ldffler bacillus (Fig. 104). Only series of cases in which positive 
results have followed inoculation into animals are absolutely 
trustworthy, owing to the difficulty of distinguishing the 
diphtheria from the xerosis bacillus, with which it is mor¬ 
phologically identical. The pseudo-diphtheria bacillus forms 
Utile or.no .acid in culture and is not virulent for guinea-pigs, 
and the different varieties may be distinguished by aggluti¬ 
nation tests. Neisser’s stain (acetic methylene blue and 
Bismarck brown) demonstrates blue granules at the poles 
of true diphtheria bacilli in cultures of nine to twenty-four 
hours. Inoculation tests only are absolutely reliable. 

Other cases may be due to the action of heat, caustics, severe 
atro pine irritation, herpes iris, and other ffoh-bactMar causes. 

Other bacteria which occasionally ~ form membranes 
are pneumococcus, streptococcus, Koch-Weeks’ bacillus, 

g o nococ cus, staphylococcus, TlfMland er’s pneum onia bacillus, 
acterium noli, &c. Streptococcic conjunctivitis, a very 
virulent form, occurs chiefly in children associated with 
measles, scarlet fever; whooping cough, and influenza. 

It is quite rare to obtain evidence of primary diphtheria 
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Fig. 104.—Diphtheria bacilli (x 1000). 
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of tlie throat, though the disease may have been derived from a 
ease of faucial diphtheria, and extension to the nose and throat 
by way of the lacrymal sac and nasal duct occurs. The genitalia 
should be examined for diphtheria or leucorrhoeic discharge. 

Treatment. Every case should be treated as diphtherial 
unless good negative evidence is afforded by films and serum 
cultures. In mild cases isolation need not be strict until the 
bacteriological report is obtained on the second day. 
i Local treatment consists of irri g ations every two hours during 

the day and every four hours during the night with a bland 
lotion such as warm saline (0.85 per cent) or boric acid. One 
) drop of atroni n ■ should be instilled at the commencement of 
treatment. 

The most important general treatment is the administration 
>)of antitoxi n as in faucial diphtheria. Since the antitoxin is 
ilmocuous it should be used at once in every doubtful case. 
In a less seriefua case doses of 2.0001 u nits of antiserum should 
be injected into the abdominal wall; but in severe cases it is 
wiser to give immense doses of 4-6 : J 0,000 units without delay, 
and a second injection may be given in 10 to 12 hours. 
Improvement generally follows in a question of hours after the 
' first injection and corneal complications are thereby usually 
prevented. 1 have obtained benefit by frequently repeated 
) l ocal i nstillations of .antitoxin, which is a rational procedure 
but seems to have been neglected. Special attention should 
be paid to the nutrition, and tonics are indicated. 

Corneal complications must be suitably treated {vide p. 204). 
Antitoxins are specially useful, as may be shown by experi¬ 
ment. If diphtheria toxin is injected into the cornea of two 
rabbits and one is given an intravenous injection of antitoxin, 
the cprnea of this animal will remain clear, whereas that *of 
the other will become cloudy. Corneal ulceration, however, 
is usually due to secondary infection with pyogenic organisms. 
It may start at the middle or margin of the cornea and is not 
wholly due to interference with nutrition. 

In streptococcic met/mhravunut conjunctivitis the danger of 
necrosis of the cornea and even of the death of the patient 
is considerable, so that immediate local and general treatment 
is necessary. If the organism is penicillin-sensitive constant 
instillations of penicillin drops as for purulent ophthalmia 
(q.v .) should be supplemented by a course of general penicillin 
therapy,. If it is not sensitive a full course of treatment by 
one of the less toxic sulphonamides such as sulphathiazole or 
sulphadiazine should be instituted {vide p. 695). 



DISEASES OF TEE CONJUNCTIVA 


167 


% Phlyctenular Conjunctivitis {Syn.—Eczematous Conjunc¬ 
tivitis). In phlyctenular conjunctivitis (Plate IV., Fig. 1) one 
or more small, round, grey or yellow nodules, slightly raised 
above the surface, are seen on the bulbar conjunctiva, generally 
at or near the limbus ; they rarely occur on the palpebral 
conjunctiva. The disease is very frequently complicated 
with muco-purulent conjunctivitis, in which case the whole 
conjunctiva is intensely reddened. In pure phlyctenular con¬ 
junctivitis the congestion of the vessels is limited to the area 
around the phlyctens. 

| The disease is most frequent in children from five or six 
to ten or twelve years of age, but not very young ’cKiTdreh ; 
it is rarely seen in adults. The children often have enlarged 
lymphatic glands in the neck, &c., or other signs of tubercle ; 
on the other hand, every sign of tubercle may not infrequently 
be lacking : the children, however, are seldom robust. The 
first attack often follows an exanthem, especially measles. 
Rhinitis and adenoids are frequently present; signs of con¬ 
genital syphilis may be found. 

Phlyctens, as the name suggests (t p\v/cTcuva , a bleb), at 
first much resemble blebs : it is doubtful, however, whether 
there is a true vesicular stage. They may be so small as to 
be seen with difficulty, but they usually measure about 1 mm. 
in diameter, occasionally reaching a diameter of 3 mm. or 
4 mm. The larger ones are yellow, and have been described 
as pustules. In the later.stages the epithelium over the sur¬ 
face is often, .destroyed, small ulcers being formed. When 
this occurs on the conjunctiva proper it is of little moment, 
since healing takes place rapidly without the formation of a 
«car. When it occurs on the cornea, as is very frequently the 
case, it is much more serious (vide p. 221). 

Very frequently the skin of the lids and cheeks shows an 
eczematous condition, and eczema will be found not uncom¬ 
mon, if searched for, in other parts of the body, especially in 
the scalp. This fact has led the condition to be regarded by 
some as an ocular manifestation of eczema. The disease 
has indeed been regarded as an exanthem. It is probable 
that in most cases the eczema of the lids and face is secondary 
to the continual irritation of the skin induced by the overflow 
of tears and the rubbing of the wet surface with the hands. 

Pathology .throws some light on the disorder, though it by 
no means settles the causation. A simple phlycten shows 
in section a triangular area of intense infiltration, the apex 
of the triangle being towards the deeper layers. The sub- 
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epithelial adenoid layer normally contains a few mononuclear 
lymphocytes, but in the phlycten they are very numerous and 
closely packed together. The epithelium is intact, and it is 
doubtful if a vesicular stage has ever been observed. 

If there is a considerable amount of conjunctivitis of the 
muco-purulent type, not only are lymphocytes present, but 
there are also many polymorphonuclear leucocytes, both in 
the sub-epithelial tissues and among the epithelial cells. In 
such cases the epithelium is quickly desquamated. 

If a bacteriological examination is made, many of the 
organisms of muco-purulent conjunctivitis may be found.. 
In the pure phlyctenular cases only staphylococci are found 
in abundance. Now staphylococci are not so common as 
imgblTTfe expected in the normal conjunctival sac; it has, 
therefore, been concluded that the disease is due to staphy¬ 
lococcic infection. If staphylococci are rubb ed into a healthy 
or excoriated conjunctiva a transitory redness occurs and 
rapidly passes off. Phlyctens have never been produced in 
this manner. The nearest approach to the artificial produc¬ 
tion of phlyctens has been by injecting cultures of tubercle 
bacilli, in which the organisms have been killed, into the veins 
of rabbits. It is doubtful if the infiltrates were real phlyctens 
in these experiments, but it is certain that the administration 
of tuberculin has not infrequently been followed by an attack 
of phlyctenular conjunctivitis in the human subject. Tubercle 
bacilli have never been found in the phlyctens. 

Evidence has accumulated of recent years that phlyc¬ 
tenular conjunctivitis is an allergic condition, i.e. } an abnorm al 
sensitivity to substances which are usually innocuous ; e.g\, 
pollen fhav feverh drugs. &c. (v. p, 184), and bacterial proteins. 
To thfe last groupT belong chronic allergic conjunctivitis, 
phlyctenular disease, and possibly spring catarrh (q.v.). In 
phlyctenular conjunctivitis it is probable that sensitization has 
occurred to some endogenous toxin which is in most cases tuber¬ 
culous (von Szili, Weekers), but may in other cases be derived 
from mild infections of long standing such as of the tonsils or 
adenoids. This view is supported by the frequent occurrence 
of eczema of the skin in phlyctenular disease. 

The irritation of the eye leads the child to rub it 
vigorously. The lacrymation and rubbing cause an ecze¬ 
matous condition of the skin, in which the staphylococci 
normally present flourish and increase. .These are rubbed 
into the eye, increasing the irritation, without being primarily 
responsible for the disease. Other organisms are also 
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rubbed in if they happen to be present; they find a suitable 
nidus in the debilitated conjunctiva, and an acute muco¬ 
purulent conjunctivitis is superimposed upon the phlyctenular 
disease. 

Simple phlyctenular conjunctivitis is attended with few 
symptoms. There is some discomfort and irritation associated 
with reflex lacrymation. If there is no muco-purulent com¬ 
plication and if the cornea is not involved there is little or no 
photophobia. 

Compli cation s, however, are the rule, partly because the 
behaviour of the child conduces to them, partly because the 
Favourite situation for the phlyotens is near the cornea. Here 
they are often astride the limbus. It has already been men¬ 
tioned that the epithelium of the cornea is closely associated 
anatomically and developmental^ with the conjunctiva. It 
is not surprising therefore that there is a great # tendency for 
the superficial layers of the cornea to suffer when the conjunc¬ 
tiva is disordered, and this is seen par excellence in phlyc¬ 
tenular ophthalmia. The special corneal complications will 
be considered later (vide p. 221). In all such cases lacrymation 
is increased, muco-purulent discharge is often present, and 
photophobia is intense. 

The term photophobia (<£&><?, light; <£o/3o<?, fear ; dread of 
light) is a misnomer. It is the term applied to the blepharo¬ 
spasm which is set up by the conjunctival, or more probably 
corneal, irritation, and which becomes greatly increased on 
the slightest attempt to separate the lids, especially if the 
attempt is made in bright light. This blepharospasm is not 
abolished in the dark ; it is abolished by thorough application 
oi cocaine, though this is difficult to effect. It must be con¬ 
cluded therefore that it is a reflex due to afferent impulses 
travelling along the fifth nerve, not_along the optic nerve. It 
has been said that light acts as the stimulus Wthe fifth nerve 
endings in the cornea. There is little evidence to prove— 
though it is not disproved— that light can stimulate the fifth 
nerve endings ; at the same time the fact that sneezing is often 
produced by exposure to very bright light may be adduced as 
a positive argument. It is far more probable that “ photo¬ 
phobia ” is due to a vicious circle of such a nature that move¬ 
ment of the lid over a spot denuded of epithelium, where the 
nerve endings are laid bare, causes reflex contraction of the 
orbicularis ; this increases the irritation, increasing in turn the 
blepharospasm. This view is supported by the fact that there 
is little or no photophobia until muco-purulent conjunctivitis 
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has supervened. when denudation of epithelium occurs. 
exposing the ner ve endings, which are further irritateclby~ 
toxins. 

Photophobia is more intense when the phlyctens are near 
the cornea, than when at a distance. It varies rather with 
their number than their size, and is extreme if they are so 
numerous as to form a ring round the cornea. 

Temporary blindness has been observed occasionally in 
children after long-continued blepharospasm. It passes off 
in two or three weeks and is probably functional, induced 
primarily by the desire not to see and facilitated by the effect 
of prolonged pressure upon the globe by the tightly closed 
lids. 

Severe blepharospasm makes the greatest care in the first 
examination imperative. The condition of the cornea is in 
all cases an<| at all costs to be placed beyond doubt. It 
facilitates investigation if the lids are gently separated and 
a drop of 2 per cent, cocaine instilled. The child is left for 
5 to 10 minutes, and the eyes are then examined with all the 
precautions previously described (p. 88). 

Phlyctenular conjunctivitis shows a very marked tendency 
to recur at intervals during the age period which is specially 
concerned. These recurrences usually take place when some 
intercurrent malady or defective condition in the patient’s 
surroundings leads to lowering of vitality. 

Treatment ,, Simple phlyctenular conjunctivitis is usually 
reaHffy amenable to treatment, which must be local and 
general. 

(i Local tr eatment consists in bathing the eyes frequently 
with hot boric or sublimate lotion: yellow oxide of mercury 
ointment, gr. iv.—viii. to ^ i., is usedfa piece the size of a 
hemp seed being placed within the lids three times a day ; 
the eye is gently massaged by a finger placed upon the upper 
lid, moving the lid upon the globe. 

Ointments are best applied on a glass rod. The child is 
placed upon its back on a couch and an assistant holds the 
arms against the body, keeping the legs still by pressure with 
the elbows. The surgeon separates the lids with two fingers 
of one hand and places the end of the glass rod carrying the 
ointment between the separated lids. Keeping the rod in 
position, the lids are allowed to close upon its end, and it is 
then withdrawn by carrying it outwards towards the temple. 
The other end of the rod and the surgeon’s other hand are 
used for the other eye. 
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If there is any corneal complication, or evidence of its 
mminence, atrop ine, gr. iv. to § i., is combined with the yellowC 
nntment. 

Very frequently the soddening of the skin with tears and 
the wrinkling of the skin through blepharospasm cause excoria¬ 
tions (rhagadse) at the outer canthus. The}?- much increase 
the blepharospasm and should always be looked for and 
treated. They are very troublesome unless attacked by < 
cauterisatio n. They should be touched with the sharp point 
of the solid silver nitrate or the mitigated silver stick. 

An efficient substitute for the yellow oxide which has fallen 
into undeserved disuse is finely powdered calomel, dusted into 
the eye, best from a camel’s hair brush, which is not allowed 
to touch the eye. It often produces a remarkable improve¬ 
ment in intractable cases, but it must not be employed if 
iodides are being given internally ; under these circumstances 
the unstable and extremely irritating mercurous iodide is 
formed in the conjunctival sac. 

The ble pharospasm is best treate d, when severe, in the follow¬ 
ing manner. The child’s face should be plunged in cold 
water and the mouth and nose kept under water until he 
struggles for breath ; this is repeated three or four times— 
daily if necessary. The treatment is useless if not carried 
out ruthlessly, but no other method is so efficacious. It is 
not uncommon for a single application to render further treat¬ 
ment of the blepharospasm unnecessary. 

The eyes are not to be band aged unless corneal ulceration 
is so severe as to assume the preponderant role. A shade, 
covering both eyes and extending well over the temples, 
should be ordered. Smoked glasses may be substituted, but 
They should not be tightly fitting goggles, which will become 
soiled with the discharge and are cleaned with difficulty. 

General treatment is never to be neglected, otherwise 
recurrence Is'Inevitable. Fresh air is the best tonic, and the 
children should be kept out of doors as much as possible : the 
windows of lining and sleeping rooms must be kept open. 
Sun or arti ficial light baths have proved very good and cold or 
sea-tSSths are useiuh Oood fo od, with a plentiful supply of 
fresh vegetables, is indicated. A calomel purge should initiate 
the general regime. 

Cod liver oil and maltine are given in the cool weather and 
throughout the year if well tolerated. They may be alternated 
with preparations containing vitamins A and D. Phosphates 
and iodide of iron form substitutes or supplementary tonics. 
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Calcium in the form of calcium gluconate (3 i. ter in die) has 
been advocated. 

General regime must be continued for a prolonged period 
in order to prevent recurrence, and, in any case, phlyctenular 
ophthalmia should be regarded as a sign of debility which 
requires attention {vide p. 223). 

Simple Chronic Conjunctivitis occurs as a continuation of 
simple acute conjunctivitis, sometimes in spite of orthodox 
treatment, especially in the “ gouty ” type of patient. It is 
frequent when the cause of irritation is continuous—smoke, 
dust, heat, bad air, late hours, abuse of alcohol, and so on. 
A very common cause is the chronic reflex irritation induced 
by errors of refraction, overuse of the eye in bright electric 
light, &c. Permanent irritation from concretions (vide p. 189) 
in the palpebral conjunctiva, misplaced lashes, dacryocystitis, 
chronic rhinitis, &e., must be remembered and as far as 
possible eliminated. Unilateral chronic conjunctivitis should 
suggest the presence of a foreign body retained in the fornix, 
or inflammation of the lacrymal sac. It is often necessary to 
make a thorough and systematic investigation of the local 
and general conditions before the cause can be found. It 
is not infrequently associated with chronic intranasal trouble. 
The disease is too frequently regarded as trivial, but it is a 
source of great discomfort to the patient, who is duly grateful 
for permanent relief. 

Burning and grittiness are complained of, especially in the 
evening, when the eyes often become red. Difficulty in keeping 
the eyes open is a common symptom. The lids may or may 
not be stuck together on waking. 

The discharge is slight, most frequently subnormal, so that 
the edges of the lids feel hot and dry. ‘ v 

The eyes may look quite normal on first examina¬ 
tion. When the lower lid is pulled down the posterior 
conjunctival vessels are seen to be congested, and the 
surface of the mucous membrane is sticky. The palpebral 
conjunotiva, upper and lower, may be congested, with velvety 
papilliform roughness. Occasionally it is succulent and fleshy. 

Treatment consists in eliminating the. cause and restoring 
the conjunctiva to its normal condition. Errors of refraction 
and chronic nasal catarrh are perhaps most likely to be 
forgotten ; they should be sought out as a matter of routine. 
When Jmat is a prominent setiological factor, e.g., in cooks, 
spectrum blue glasses may be ordered, since they cut off the 
heat rays to a large extent. The treatment of the special 
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local conditions mentioned above will be discussed in their 
proper place. A gouty tendency should be treated by an 
appropriate regime. 

Local treatment consists essentially in diminishing conges¬ 
tion and restoring the conjunctiva to its normal suppleness 
and secretory activity. It must be remembered that the 
condition is largely one of lack of tone, due to defective 
response to prolonged irritation. A stimulating treatment is 
therefore indicated, and is supplied by astringent applications, 
which not only act by relieving the congestion, but also 
promote a more healthy lymph flow and glandular secretion. 

In mild cases weak astringent lotions suffice, e.g., boric 
lotion with zinc sulphate, gr. i,—ii. to 3 i., alum lotion, 
gr. iv. to 3 i-> &c. They should be used two or three times a 
day, not immediately before going to bed. Adrenaline has a 
transient effect in diminishing redness and itching. Boric 
acid ointment or sterile vaseline should be applied to the 
margins of the lids at bed-time. In recalcitrant cases mercury 
oxycyanide (1 in 5,000) may be used, followed by zinc sulphate 
lotion at a later stage. 

In severer cases a preliminary painting with silver nitrate 
solution is indicated, repeated once or twice a week if necessary, 
or the milder protargol (5—10 per cent.) may be used. Silver 
preparations should not be ordered for application at home, 
since prolonged use may lead to staining of the conjunctiva 
(argyrosis). 

Atropine, which is always resorted to by the inexperienced 
in intractable diseases of the eye, does much more harm than 
good. It causes great inconvenience from paralysis of accom¬ 
modation, and has little effect upon the conjunctiva, such as 
it has being deleterious. Apart from this, it is extremely 
dangerous in elderly patients, who are specially liable to chronic 
conjunctivitis. In them, more than in others, there is grave 
danger that atropine may induce an acute attack of glaucoma, 
a disaster which it is impossible to overrate. 

In the more severe cases of chronic conjunctivitis there 
is often an abnormal amount of secretion from the Meibomian 
glands. This should be squeezed out of the glands by pressure 
on the lid with the thumb against a spatula laid upon the 
conjunctival surface. 

Angular Conjunctivitis (Syn.—Diplobacillary Conjunctivitis) 
is one of the few forms in which a specific organism causes 
a typical clinical picture. In it the reddening of the con¬ 
junctiva is limited almost exclusively to the inter-marginal 
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strip, especially at the inner and outer canthi, and to the 
bulbar conjunctiva in the same neighbourhood. Besides 
the conjunctivitis there is also excoriation of the skin at 
the inner and outer angles, which may be very slight, a mere 
scurfinese, but is nearly always present. After a few cases 
have been seen the typical picture is very easy to recognise, 
but the condition is not always typical. There is discomfort, 
with slight muco-purulent discharge; blinking is often 
complained of. Not infrequently there is nasal catarrh, and 
diplobacilli are found in the nasal secretion. If untreated 
the condition becomes chronic and may give rise to definite# 
blepharitis. Clear, shallow corneal ulcers may occur, but 
are rare. They are usually marginal, but may be central and 
associated with hypopyon (vide p. 214). A single attack 
does not confer immunity, and relapses are not uncommon. 

Pathology. The disease 
is due to the Mora*x- 
Axenfeld diplobacillus 
(Fig. 105). The bacilli 
consist of pairs of large, 
thick rods, placed end 
to end. They stain well 
with basic stains, are 
decolourised by Gram, 
and are easily recognised 
in films. They produce 
a proteolytic ferment 
which acts by macerating 
the epithelium. There is 
an incubation period fit 
four days. The diplo¬ 
bacilli are strongly 
resistant to drying. They have been found in the nasal tract 
of healthy persons, and are often present in the nasal discharge 
in cases of angular conjunctivitis. 

Treatment. Diplobacillary conjunctivitis responds readily 
to zinc salts. These may be applied in the form of boric 
lotion with zinc sulphate, gr. ii. to 3 i-, or as drops, preferably 
the former. The diplobacillus will grow in cultures containing 
zinc salts, and these act by inhibiting the proteolytic ferment. 
Boric, sane oxide, or ichthyol (2—5 per cent.) ointment is 
applied to the lids at night. 

Follicular Conjunctivitis occurs frequently in children and 
young adults, both eyes being affected. It is characterised 


(• • 



Fig. 105.—Diplobacilli ( X 1000). 
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by the formation of small round or oval translucent bodies, 
1 mm. or 2 mm. in diameter, in the lower fornix (Plate IV., 
Fig. 2); they are less commonly seen in the upper fornix, 
especially near the outer and inner canthi, never on the plica 
semilunaris or bulbar conjunctiva. They are raised above 
the surface, are often arranged in parallel rows, and consist of 
localised aggregations of lymphocytes—follicles, sometimes 
wrongly termed granulations—in thesub-epithelialadenoid layer. 

Microscopically follicles are indistinguishable from the 
solitary lymph patches in the intestine, and often also from 
the follicles of trachoma ( q.v .). They do not occur in the 
normal conjunctiva in man. The conjunctiva is not reddened 
or swollen. They persist for an indefinite time, causing few 
symptoms, and disappear without leaving any trace, such as 
scarring (cf. Trachoma). 

Follicular conjunctivitis is usually due to ovqfcrowding and 
living in badly ventilated rooms, especially schoolrooms, but 
also occurs among better class school children. Isolated 
follicles may occur in the outer part of the lower fornix in any 
chronic conjunctivitis of long standing. They may be due to 
over-use of atropine or eserine {vide p. 184). The children are 
seldom robust, and adenoid vegetations in the throat, which 
are of a similar nature, are often present. The disease is 
probably not contagious, and never develops into trachoma, 
as has been held by some observers. 

The symptoms are slight, consisting chiefly of slight 
irritation of the eyes, worse in bright lights and after near work. 

Treatment. Follicular conjunctivitis seldom requires local 
treatment. A weak astringent lotion may be ordered, and 
jpellow oxide of mercury introduced within the lids once or 
twice a day. If the follicles are very large painting with 
silver nitrate solution will do good ; single follicles may be 
touched with the alum pencil. Atropine, if in use, should be 
stopped or replaced by an equivalent mydriatic {vide p. 185). 

Special attention should be directed to the refraction, and 
any errors corrected. 

The nose and throat should be investigated and the general 
health and surroundings put upon a sound basis. 

Trachoma {Syn.—Granular Conjunctivitis ), once known as 
Egyptian ophthalmia, was spread far and wide in Europe by 
the French armies during the Napoleonic wars. It is a 
serious form of folliculosis, which is responsible for the blinding 
of enormous numbers of people in places where it is endemic. 
Both eyes are almost always affected. It may be stated at 
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once that in England it is a rare disease except where large 
numbers of Irish or al ien s are herded together. 

In making a diagnosis the relative frequency of various 
forms of disease should always be borne in mind. It is a 
truism, but it is often disregarded, that an unusual type of 
case is less likely to be a rare disease than an unfamiliar 
manifestation of a common one. A better class child with 
follicles in the conjunctiva is most unlikely to be a case 
of trachoma, whereas, if the child goes to school in the East 
End of London, where there are large numbers of tracho¬ 
matous aliens, the distinction of follicular conjunctivitis from 
trachoma becomes a matter of great difficulty. 

The changes met with in the conjunctiva in trachoma 
are of two types, which are often present simultaneously. 
The va mUaru t ype is not specially characteristic; it is 
usually 1 a oelinite form of the papillary enlargement 

and congestion which is met with in other severe forms of 
conjunctivitis. -The conjunctiva covering the upper tarsus is 

most affected, and appears red and 
velvety. This condition may pass 
into one with more uniform jelly- 
like thickening. Only in the com¬ 
paratively infrequent cases in which 
no follicles can be seen will the true 
disease pass wholly unsuspected. 

The f ollicular typ e (Fig. 106) 
manifestsTRl?^m tne presence of 
follicles- in the conjunctiva. When 
small they cannot be distinguished 
from the follicles of follicular coq- 
junctivitis, and microscopical ex¬ 
amination shows that they are 
fundamentally identical. They 
often, however, assume a size and appearance which is 
seldom or never seen in follicular conjunctivitis, but 
they differ most in having a characteristic distribution. The 
large follicles may be 5 mm. or 6 mm. in diameter. They are 
translucent and look like graihs of boiled sago (“ sago grains ”). 

The follicles usually commence in the lowerTormx7 but in 
most cases they quickly appear in the upper also. Unlike 
what obtains in follicular conjunctivitis, they are not limited 
to the Cornices. They often form a row along the upper 
margin of the upper tarsus, whence they invade the palpebral 
oonjunctiva, appearing upon the tarsal surface, though they 



Fio, 106. — Trachoma. 
(After Nettleahip), show¬ 
ing trachoma follicles 
and scar in typical 
position, parallel with 
the edge of the lid. 
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are less numerous in this situation. They are common about 
the caruncle, and may be seen on the plica semilunaris. 
Follicles do not occur on the upper tarsal conjunctiva in folli¬ 
cular conjunctivitis except at the inner and outer angles. 
They are very rare on the bjfibar conjunctiva, but when seen 
here they are pathognomonic of trachoma. 

The disease is very chronic and leads to much inifeation, 
photophobia, lacrymation, &c., with some muco-purulent 
discharge. In certain districts abroad trachoma is endemic, 
and a very acute form is observed. It is very doubtful if 
true acute trachoma is ever seen in England : what usually 
passes for it is of quite different origin. It is due to the 
lowering of resistance of the trachomatous conjunctiva 
whereby it becomes specially liable to intercurrent attacks 
of other forms of acute conjunctivitis. This is facilitated by 
the irritation, which leads to rubbing of the eyes, so that 
contamination is readily brought about. The so-called acute 
trachoma met with in England is therefore chronic trachoma 
upon which an acute muco-purulent or purulent conjunctivitis 
has been engrafted. Even in Egypt the acute symptoms are 
most often caused by the Morax-Axenfeld diplobacillus, the 
Koch-Weeks’ bacillus, or the gonococcus (MacCallan). 

Trachoma is an extremely contagious disease. Pathological 
anatomy reveals nothing characteristic : there is lymphocytic 
infiltration of the whole of the adenoid layer of the parts of the 
conjunctiva affected. Special aggregations of lymphocytes, 
without a definite capsule, form follicles which are generally 
indistinguishable from those of follicular conjunctivitis. In 
late stages and large follicles the stroma and cells tend to 
become hyaline and gelatinous; sometimes the surface 
becomes broken and the contents are extruded into the con¬ 
junctival sac. In other cases a fibrous capsule forms around 
the follicles, which thus become isolated: more and more 
fibrous tissue is laid down, giving rise to cicatricial bands such 
as are never formed in follicular conjunctivitis, and are very 
characteristic. 


Noguchi isolated a bacillus granulosus from the trachoma of 
Red^ffiMS, which when inoculated into monkeys produces 
follicles in the conjunctiva very similar to the follicles of 
human trachoma: it is probably not the cause of the disease. 
The “ trachoma bodies ” described some years ago are not 
pathognomonic, since such cell inclusions are very common in 
virus diseases of plants and animals. They suggest strongly 
that the disease is due to a virus, or Rickettsia, especially 'as 
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they are transmissible to lice (Cuenod and Nataf). Inclusion 
bodies in scrapings from the conjunctiva are therefore of 
some diagnostic importance. 

Trachoma is endemic in many parts of the world, e.g., Russia, 
Poland, East Prussia, parts of Austria-Hungary, Egypt, Syria, 
Persia, China and Japan. It shows a predilection for certain 
races, e.g t , Irish, Jews, but it is not a racial disease ; the pre¬ 
dilection depends upon the mode of life of the individuals. 
Extended observation militates against the view that any 
race is exempt, though it is uncommon among negroes. 

The disease flourishes among people who are crowded , 
together in unhealthy rooms—in armies, navies, asylum!, 
workhouses, schools, &c.—wherever the lower classes are 
herded together. Children and debilitated adults are most 
susceptible, but the robust are not exempt. It is commoner 
in low-lying, damp districts. 

The disease is spread by transference of conjunctival 
secretion by means of fingers, towels, &e. The presence of 
much discharge, whether of true trachomatous origin or 
due to intercurrent conjunctivitis, increases the liability 
to contagion. On the other hand, scrupulous cleanliness 

suffices to prevent the extension of 
the disease to healthy subjects. 

Trachoma in the early stages may 
be easily mistaken for a simple 
chronic conjunctivitis. This error 
will be avoided if it be made an in¬ 
variable rule in all cases of con¬ 
junctivitis to evert the upper lids and 
examine the upper fornices (vide 

p. 80). 

Complications. While trachoma 
Fjo. 107.—Trachomatous rarely affects the bulbar conjunc- 

sWp?) 118 * ^ ettC " ^ va ’ ^ not infrequently attacks 

the cornea. 

Trachomatous pannus is a lymphoid infiltration, with vascu- 
larisation, of the margin of the cornea, usually limited to the 
upper half (Fig. 107), but tending to spread towards the 
centre and to involve the whole cornea. The upper part of 
the margin of the cornea becomes cloudy, and minute super¬ 
ficial vessels, springing from the comeal loops, grow inwards 
toward»the centre. The haziness and vascularisation increase 
until the upper half of the cornea is affected. The vessels are 
all superficial (vide p. 90), and microscopic examination has 
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shown that they lie at first between Bowman’s membrane and 
the epithelium. They carry in with them a small amount of 
granulation tissue. In later stages Bowman’s membrane 
disappears and the superficial layers of the substantia propria 
become involved. 

In progressive pannus the vessels are mostly parallel to each 
other and directed vertically downwards, anastomosing little. 
They extend to a level which forms a horizontal line, and 
beyond this line there is a narrow strip of infiltration and haze. 
In regressive pannus. on the other hand, the vessels extend a 
' short distance beyond the area which is infiltrated and hazy: 
this difference is useful in estimating the results of treatment. 

In more severe cases the vascularisation is not limited to 
the upper part, but superficial vessels grow in from all sides 
and the whole cornea becomes vascularised and opaque. 

Pannus is not due to the rough upper lid rubbing upon the 
cornea. This is doubtless a predisposing factor, but in many 
conditions in which the lids are rough from some other cause 
pannus does not occur. 

It may resolve completely, leaving the cornea quite clear, 
but only in cases treated early, when the vessels have not yet 
destroyed Bowman’s membrane. In other cases a permanent 
opacity results. Occasionally the corneal substance becomes 
weakened so that the cornea bulges under normal intraocular 
pressure and ectasia follows (keratectasia). 

Corneal Ulcers are commonest at the advancing edge of the 
pannus. They are shallow, little infiltrated, and very irritable, 
causing much lacrymation and photophobia. Indolent central 
ulcers may form, or there may be ulcers in any part of the 
cflrnea, but especially over the pannous area. 

Sequelae. Apart from the results of pannus and cOrneal 
ulceration the most malign effects of trachoma are caused by 
distortions of the lids. A peculiar drooping of the upper lids 
is very characteristic (trachomatous ptosis). It gives a sleepy 
appearance to the parent. There is always some scarring 
(Fig. 106), and when this is extensive the shape and position 
of the lids, especially the upper, are altered. Pressure on the 
everted upper lid will cause the appearance of white bloodless 
areas which may be mistaken for trachomatous scarring. 
They are easily distinguished by relieving the pressure. 
Through the great swelling of the conjunctiva the lids may be 
turned ouWards (ectropion). In the late stages the follicles 
invade the tarsus," causing softening and absorption of the 
dense fibrous tissue : through the later contraction of the new- 
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formed scar tissue the lids may be turned inwards (entropion), 
causing the lashes to rub against the cornea (trichiasis^ &c. 
(See Chap. XXXI.) " ... 

Treatmen t. The sulphonamide drugs have shown themselves 
to beof great value in the treatment of trachoma. As a rule 
they are not? effective against virus infections, but it is now 
apparent that they are effective against the class of large-sized 
viruses to which the infective agent of trachoma appears to 
belong. Treatment should be both local a jidjgene ral, A full 
course of sulphonamide therapy shoujcHSelindertaken (vide 
p. 695) and simultaneously the lids should be painted once on 
twice a day with sodium sulpha cetamide (30 per cent, solution) 
and sodium sulphacetamide ointment (6 per cent.) instilled in 
the intervals. This combined with mechanical expression 
of the follicles in florid cases usually brlngs about cure more 
effectively and more rapidly than the classical and more drastic 
method of therapy by copper sulphate or silver nitrate. In 
some cases blepharospasm has been relieved within twenty- 
four hours, and inclusion bodies have disappeared in three 
days: the bulbar conjunctiva becomes white in a few days, 
pannus is reduced, and corneal ulcers may be healed in a week. 
Relatively avascular lymph follicles, however, persist and are 
absorbed slowly. 

In most cases of trachoma the treatment advised will suffice 
to bring about that condition of amelioration which is 
usually described as cure. Relapses are common, occurring 
sooner or later, according to the length and assiduity of 
treatment. 

Useful alternative applications which may be used in 
addition to local sulphonamides are painting with a satu¬ 
rated solution of quinine bisulphate (2 per cent, or mercury 
perchloride used as a paint in a 1 per cent, or 2 per 
oent. solution in glycerine and applied to the fornix and 
everted lids. This acts as a protoplasmic poison, is followed 
by an intense reaction and the treatment is almost unbearably 
painful, the conjunctiva and lids becoming enormously swollen. 
The pain lasts for several hours, gradually diminishing in 
intensity. Ice, or lint wrung out in iced water, should be 
applied to the lids immediately after the appflcation. There 
is no doubt that much benefit is derived from the 
treatment. 

The classical treatment consisted of scouring the conjunctiva with 
a smooth crystal of copper sulphate fixed in a wooden holder and 
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pointed at the end. The lids are everted, and the point of the 
copper stick is pushed well up into the upper fornix and moved 
from one side to the other, the lid being lifted away from the 
globe by the Btick during the manoeuvre so as to avoid touching 
the cornea. The stick is then rubbed firmly over the whole of the 
palpebral conjunctiva. The application of the copper stick is 
very painful, especially during the first few applications. 
Pantocain may be previously instilled, but it does not 
prevent the intense smarting. It is important to start 
with the upper fornix, since this is most affected and most 
difficult to reach; if it is not done first 
blepharospasm and the struggles of the 
patient will make it impossible afterwards. It 
is useless to apply copper too gently; it must 
be firmly rubbed into the conjuncti va. Some of 
the sulphate dissolves in the tears, and should 
be mopped up with a pad of dry wool, since 
it is very irritating to the cornea. Pannus is 
no contra-indication to the use of the copper 
stick, but quite the reverse; copper sulphate 
applied to the lids is the best treatment for 
pannus. The pannus itself is not treated directly 
at all. On the other hand, corneal ulceration 
of any kind or degree is an absolute contra¬ 
indication. 

The follicles may also be destroyed by 
touching them with a solid stick of carbon 
dioxide snow. Care must be taken to allow 
the tissues to thaw before the everted lid is 
replaced. X-rays and radium have also been 
used, but do not give better results than the 
ordinary treatment. 

When the follicles are numerous and very 
prominent the treatment is shortened by 
attaching them mechanically . This may 
be done by various lorms ofscarification or 
expression. In performing any operation 
upon trachomatous patients protective Gradd .v 8 force P 8 - 
goggles must be worn by the surgeon and the immediate 
attendants. 

The conjunctiva is first thoroughly anesthetized. Scarifica¬ 
tion .may be performed by a knife, ngpjdle, sharp spoon dr 
stiff toothbrush. The follicles may also be destroyed by the 
galvano-cautery or by electrolysis. 
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In expression one of the many forms of expressor is used— 
e.g., Graddy’s forceps (Fig. 108), Knapp’s roller forceps 
(Fig. 109). The upper lid is everted, and one limb of the 
forceps is pushed up into the fornix, the other being laid 
upon the palpebral conjunctiva. The two limbs are then 
pressed together with moderate force and are drawn in a 
horizontal direction from one end of the fold 
to the other. The fold of the fornix should 
in this manner be thoroughly mangled, and all 
the follicles squeezed out. 

If the follicles in the upper fornix are very 
large and closely packed it is well to commence 
treatment by excising the fornix. There is 
always a redundance of tissue here, and no 
evil results ensue. The upper lid is everted 
doubly (vide p. 81) so as to expose the retro- 
• tarsal fold completely. A silk suture is then passed 
through the fold at each end. By dragging on the 
sutures the whole fold is drawn out. It is 
then excised with scissors. If the tarsal plate 
is much diseased or distorted it also may be 
excised. 

Pannus requires no special treatment, but if it 
fails to respond a peritomy may be performed. 
In this operation a collar of conjunctiva, 
5 mm. broad, is excised round the corneal 
margin. The raw surface of the sclera should 
be seared with the galvano-cautery, the object 
being to destroy the vessels and prevent their 
reformation. Corneal ulcers must be treated on 
general principles (vide p. 204). 

Inclusion Blennorrhea is an acute follicular con¬ 
junctivitis caused by a virus disease, as shown by 
the presence of inclusion bodies and by the trans¬ 
ference of the disease by the filtrates of emulsified 
conjunctival scrapings through a fine Berkefeld 
mu. size filter. It is the cause of swimming-bath conjunc- 
F *°* 1 ,° 9 -— tivitis, but is also found in inmates of schools, 
forceps 8 r ° l er asylums, &c. Its occurrence in cases of oph- 
*’ thalmia neonatorum and the presence of inclu¬ 

sion bodies in urethral and vaginal discharges suggests a genital 
origin. It is amenable to local treatment by penicillin or 
systemic treatment by the sulphonamides. 
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Tubercle of the Conjunctiva is rare: it nearly always pro¬ 
duces ulceration. Con¬ 
junctival ulceration 
should always suggest 
either the presence of 
an imbedded foreign 
body or a tuberculous 
or syphilitic lesion. 

Tubercle occurs in 
several forms : (1) small 
miliary ulcers usually 
on the palpebral 
conjunctiva; (2) 
granules on the 
palpebral conjunctiva 
resembling trachoma 
follicles (Fig. 110); (3) 
gelatinous cockscomb¬ 
like excrescences on the fornices ; (4) polypoid pedunculated 
outgrowths ; (5) a solitary nodule near the limbus, which may 
become infected with pyogenic organisms and ulcerate. Occa¬ 
sionally tubercle attacks the bulbar conjunctiva elsewhere, 
and the conjunctiva may be affected by extension of lupus 
from the face. These cases must be distinguished from those 
with secondary extension of tubercle from within the eyeball 
(vide pp. 267, 342). Infection is generally endogenous. 

The preauricular gland is often enlarged and may suppurate. 
The disease is chronic, and the ulcers are indolent. The 
patients are usually young, and often free from clinical signs 
oi active tuberculous disease elsewhere in the body. There is 
little doubt that the lesion may be the primary seat of tubercle, 
the bacilli being inoculated into minute abrasions, which are 
probably always present in the conjunctiva, caused by dust. 
There is little pain or irritation unless the ulceration is 
extensive. 

It is not improbable that the second type is frequently 
mistaken for trachoma, and it is possible that it is cured by 
the treatment founded on the wrong diagnosis. I have seen 
cockscomb tubercle in the lower fornix associated with 
tuberculous disease of the lacrymal sac in a child. 

Pathology. Scrapings may show tubercle bacilli. Sections 
show typical giant-cell systems. In doubtful cases inoculation 
experiments should be made. If a piece of tuberculous 
tissue is introduced into the anterior chamber of a rabbit’s eye 



Fio. 110.—Tubercle of tlft) conjunctiva. 
(After Eyre.) 
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a typical tuberculous iritis will ensue in two or three weeks. 
Intraperitoneal inoculation of guinea-pigs is more satisfactory. 
Dermal tests or injections of tuberculin may be tried. 

Treatment. The disease should be eradicated, more espe¬ 
cially as being often the primary focus. The affected conjunc¬ 
tiva should -be excised, or if this is not feasible, thoroughly 
scraped and cauterised. 

Injections of tuberculin have given encouraging results, and 
subconjunctival injections of 2 per cent, guaiacol cacodylate 
may be employed. The application of 50 per cent, solution 
of lactic acid has been advocated. Local ultra-violet ray 
therapy is certainly beneficial. 

Extension to the globe is probably rare. If prolonged 
treatment fails and the disease spreads it may be necessary to 
excise the eye. Cases of lupus should be treated with 
calciferol. . • 

Syphilis manifests itself rarely in the conjunctiva in the 
form of a primary chancre, which is less indurated than the 
ordinary genital chancre, or gummatouB ulceration. In the 
former case it may be due to the removal of a foreign body 
with the tongue. Ulceration of the palpebral or still more of 
the bulbar conjunctiva is always suggestive of the condition. 
Scrapings should be taken and examined for spirochsetes, and 
the Wassermann test should be applied {vide p. 622). A 
primary chancre of the palpebral conjunctiva may be wrongly 
diagnosed and treated as a chalazion {vide p. 625). 

Ttderemia. Tuleremia is a recently elucidated disease with a 
widespread distribution in America, Europe and Asia caused by 
an organism (Bacterium Tulerense) derived from animals, parti¬ 
cularly squirrels and rabbits. In the oculo-glandular form ulcers 
and nodules appear on the tarsal conjunctiva associated with the 
pre-auricular lymph glands and associated with general constitu¬ 
tional symptoms of fever and debility. The diagnosis is made 
by an agglutination test and treatment is symptomatic. 

Conjunctivitis caused by-Drugs (Atropine Irritation, &c.) and 
Irritants. Some people are particularly susceptible to atropine, 
and more rarely to eserine and other drugs, locally applied to 
the conjunctiva. The lids become swollen, tense, and red, in 
fact erysipelatous. Examination of the conjunctiva will often 
show follicles, and even rarely a membrane. The dust of 
teak wood is particularly irritating to the^conjunctiva. Con¬ 
junctivitis is also caused in some people by contact with horses 
or cats, or certain dowers, especially Primula obconioa. Most 
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of these and other imitative reactions are manifestations of 
allergic hypersensitivity, comparable to hay fever. 

Workers with chrysophanic acid suffer from conjunctival 
irritation, and prolonged internal administration of arsenic 
causes the same effect. A chip of aniline pencil in the eye 
causes much irritation and unsightly staining, and may lead 
to ulceration and necrosis. Some eyelash dyes cause severe 
conjunctivitis and dermatitis. 

Malingerers sometimes induce conjunctivitis by the insertion 
of tobacco, ipecacuanha powder, &c., into the eyes. The 
•irritation is most marked in the lower fornix, and usually the 
right eye is affected in right-handed people. 

Treatment. In atropine irritation the drug should be avoided. 
If a mydriatic is imperative, some other should be substituted, 
e.g ., duboisine sulphate, 0 6 per cent.; scopolamine hydro¬ 
bromide, 025 per cent, to 0'6 per cent., or hyoscjne, 0*6 per 
cent., may be used, but toxic symptoms sometimes occur. 
Subconjunctival injection of mydricain {vide p. 694) may 
be used with impunity in these cases. Atropine irritation 
has been cured in some cases by instilling adrenaline (1 in 
1,000) drops, moistening the skin of the lids with this solution, 
and subsequent application of zinc oxide ointment (Wolff). 
The conjunctiva soon recovers after cessation of the cause, 
but astringent lotions accelerate the cure. 

Aniline dye staining can be removed by washing out with 
weak alcohol solution and instillation of weak glycerine drops 
(Werner). 

Action of Caustics. See p. 435. 

Poison gases used in warfare include lacrymatory gases, phosgene, 
mustard gas, arsenicals, and other secret agents. 

The lacrymatory gases include K.S.K. (ethyliodoacetate), B.B.C. (bromo- 
benzylcyanide) and C.A.P. (chloroacetophenone). They cause immediate 
irritation of the eyes, profu.se laorymation and blepharospasm. The con- 
junotiva is injected and swollen, but there is no involvement of the cornea. 
The symptoms disappear in a few hours, and the eyes rospond well to lavago 
with bland lotions. Chlorine, phosgene, arsenical compounds and “ smokes ” 
also cause conjunotival irritation. 

Mustard gas (diohlorethyl sulphide) usually produces ocular symptoms 
after a latent period of from 6 to 8 hours, and is effective when very dilute 
(1 in 10,000,000 in air). In moderately severe cases the conjunctiva is 
congested and swollen in the interpalpebral area. Functional blepharo¬ 
spasm may persist after all inflammatory signs have disappeared, and fear 
of blindness may delay convalescence. In more severe cases the inter¬ 
palpebral zone of conjunctiva is white from coagulated exudate, and 
chemotio conjunctiva bulges forwards from the fomices. The lids are 
swollen and stuck together by discharge. The cornea is stippled ( (< orange- 
skin ” cornea), with cedematous and roughened epithelium, and oorneal 



186 


DISEASES OF THE EYE 


sensation is diminished; or the interpalpebral strip may necrose. A con¬ 
siderable number of cases break down with recurrent corneal ulceration 
several years later. 

Arsenical vesicants are much more destructive in their action. They 
cause rapid necrosis of the conjunctival and corneal tissues with which they 
come into contaot resulting in dense comeal opacities or even perforation of 
the eye. 

The treatment of conjunctivitis caused by lacrymatory gases is irrigation 
with bland lotions—normal saline, boric or sodium bicarbonate (2 per cent.). 
The eyes should not be bandaged, but dark glasses used. 

In mustard gas injuries the lids should be gently separated, the cornea 
inspected and the patient assured that he is not blind. The eyes are 
irrigated with warm sodium bicarbonate lotion and cod-liver oil drops 
instilled; dark glasses are worn, and vaseline ointment is applied to the lid, 
margins at night. If the cornea is hazy, or stains with fluorescein, atropine 
(1 per cent.) should be instilled twice daily, with the same precautions as 
described for hypopyon ulcer (wide p. 214). Sulphonamidca maybe given 
by the mouth if there is severe secondary infection. Tarsorraphy may be 
necessary in some caBes. It is very important to combat the neurasthenia 
by appropriate means. At a later stage contact glasses afford protection to 
the cornea and aid vision. 

Arsenical vesicants are neutralised by the local application of B.A.L. 
ointment (British Antilewisite) which is effective if it is applied within a few 
minutes of the injury. 

Spring Catarrh (Syn.—Vernal Conjunctivitis). This is a recur- 
renT*con]unctTvit,is occurring with the onset of hot weather, and 
therefore rather a summer than spring complaint. It is found in 
young people, nearly always boys, associated with the usual 
symptoms of mild conjunctivitis. Burning, itching, some 
photophobia, and lacrymation are the chief symptoms. Both 
eyes are affected. In the cooler months the condition subsides 
and gives no trouble, but recurs with the return of heat. The 
disease is met with among all classes, is sporadic, and non-con¬ 
tagious. It has been attributed on insufficient grounds, to 
the action of the actinic rays of the spectrum. It is njpre 
probably an allergic condition, as indicated by the accom¬ 
panying eosinophilia. 

Two types of objective signs are met with : (1) the palpebral 
form; (2) the bulbar form : both may be combined, but this 
is relatively rare. The palpebral form is easily recognised if 
typical. On everting the upperTidthe palpebral conjunctiva is 
seen to be hypertrophied and mapped out into polygonal raised 
areas, not unlike cobble stones (Fig. 111). The colour is b lui sh 
ladttt eJike p iilk, and this appearance is seen also over the lower 
palpebralconj uncti va. 

The flat-topped nodules are hard, and consist chiefly of dense 
fibro^p.tissue, but the epithelium over them is thickened, giving 
rise to the milky hue. In vertical section they resemble circum- 
vallate papillae. Kosinophile leucocytes are present in them in 
great numbers and are found in the secretion. * 



DISEASES OF THE CONJUNCTIVA 


187 


The palpebral form cannot be mistaken if typical, but it may 
resemble trachoma. The type of patient, the milky hue, the 
freedom of the fornix from implication, and the characteristic 
recurrence in hot weather will usually prevent mistake. 

T he bulb ar form is less characteristic. In it there is a wall of 
thiohehihg’ arthe limbus, more gelatinous in appearance, and also 
milky. It may be mistaken for phlyctenular conjunctivitis. 

In both forms the lesions persist during the cold months, though 
they are less marked. 

Serious complications never supervene, and the ultimate prog¬ 
nosis is good, though recurrences may persist for several years. 
a Occasionally a peculiar corneal opacity, resembling arcus senilis in 
having a clear zone between it and the limbus, is left, and 



Fig. 111.—The palpebral form of spring catarrh. 

.to 

some thickening and discoloration of the conjunctiva may 
remain. 

Treatment is purely symptomatic. Well-fitting goggles with 
tinted glass should be worn. The irritation is best relieved by 
very weak acetic acid, gt. i. to 5 vi. Adrenaline gives temporary 
relief. Gentle massage with the upper lid after application of 
yellow oxide of mercury ointment or 1—2 per cent, guaiacol 
ointment is beneficial. Astringents are harmful: boroglyceride 
has been recommended, with arsenic internally. The application 
in 10 milligrams of unscreened radium (j8 rays), held by a layer 
of varnish in the shallow trough of a monel metal spatula shaped 
for insertion under the upper lid, at monthly intervals during 
February, March and April, seems to be of value in preventing an 
attack, but does not cure the disease. Excision of the nodules, 
sometimes advised, seems to be useless. The general health 
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should be attended to, and adenoids and enlarged tonsils, if 
present, removed. 

Ophthalmia nodosa is a nodular conjunctivitis which may be 
mistaken for tubercle—pseudo-tuberculous disease of the con¬ 
junctiva. It is due to the irritafciqn of the hairs of certain cater¬ 
pillars, and therefore alwayiT commences in the late summer 
months. Small semitranslucent, reddish, or yellowish grey 
nodules are formed in the conjunctiva and sometimes in the iris. 
On microscopical examination hairs surrounded by giant cells 
and lymphocytes are found. 

Treatment. The nodules in the conjunctiva should be excised. 
Otherwise the condition is treated on general principles. «. * 

Parinaud’s Conjunctivitis may be mistaken for tubercle or 
trachoma. Usually one eye only is affected. Granulations 
occur on the tarsal conjunctiva or fornices, and the preauricular 
and submaxillary glands are enlarged and may suppurate. The 
disease commences with slight constitutional disturbance and may 
last for months. It has been attributed to bovine tubercle and 
to a leptothrix (Verhoeff). 

Pemphigus of the conjunctiva is a rare but very serious disease 
affecting both eyes. Vesicles occur, but more commonly greyish 
white membranous patches. Progressive cicatrisation of the con¬ 
junctiva follows, leading eventually to essential shrinking of the 
conjunctiva, with consequent opacification of the cornea from 
malnutrition. Vesicles may be found in the nose, mouth and 
pharynx, but rarely in the skin. Treatment, such as transplanta¬ 
tion of mucous membrane, is unavailing. Contact glasses applied 
with parolein may give some relief and improve vision. 

Electric Light Ophthalmia (Photophthalmia). Ultra-violet 
rays may cause extreme burning pain, lacrymation, photo¬ 
phobia, blepharospasm, and swelling of the palpebral con¬ 
junctiva and retrotarsal folds. There is always a latent 
period of four or five hours between the exposure and the 
onset of symptoms. The condition is generally caused by 
the bright flash of a short circuit, but maj result from 
exposure to a naked arc light, as has happened, for 
instance, in cinema studios. It is rarely due to exposure to 
enclosed arc or other lights, since the glass globe absorbs the 
most deleterious of the ultra-violet rays. Eosinophile leu¬ 
cocytes are increased in the secretion. 

Treatment. Gold compresses, dark glasses, and astringent 
lotions. 

Snow Blindness. The cause and symptoms of snow blind¬ 
ness are the same as of electric light ophthalmia, vis., expo- 
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sure to ultra-violet rays, especially from 311 fifi to 290 w, an 
unusually large percentage of which is reflected from snow 
surfaces. Smoked or orange tinted glasses should be used as a 
prophylactic measure, and they are most efficacious when 
made with Crookes’s glass (vide p. 148). The treatment is the 
same as for electric light ophthalmia. 


Degenerative Changes in the Conjunctiva 

Concretions (Syn .— “Lithiasis ”). Concretions occur as 
minute hard yellow spots in the palpebral conjunctiva. They 
are due to the accumulation of epithelial cells and inspissated 
mucus in depressions which are called Henle’s glands. They 
never become calcareous, so the term is a misnomer, but they 
are so hard that when they project from the surface they 
scratch the cornea and give the sensation of a foreign body in 
the eye. They are common in elderly people. There is no 
reason to attribute them to gout, but uric acid deposits have 
been observed in the palpebral conjunctiva of gouty patients. 
Concretions should be removed with a sharp needle. 

Pinguecu la is a triangular patch on the conjunctiva, found 
usually m elderly people, especially those exposed to dust, 
wind, and so on. It occurs in the direction of the palpebral 
aperture, the apex of the triangle being away from the cornea. 
It affects the nasal side first, then the temporal. It is yellow 
in colour and looks like fat, whence the name (pinguis, fat). It 
is not due to fat, but to hyaline degeneration of the connective 
tissue and an excessive development of yellow elastic fibrous 
tissue. It is particularly conspicuous when the eye is inflamed, 
since the pinguecula remains relatively free from congestion : 
mistakes in diagnosis may then occur. It requires no treat¬ 
ment, but may be removed if the disfigurement is great. . 

Ptery gium (irrepy^, a wing). This is a peculiar encroach- 
mehi oTTEe conjunctiva on the cornea (Fig. 112). It is 
triangular in shape, and when single is always upon the nasal 
side; when! double the temporal one has developed later. It 
is derived from pinguecula (Fuchs). It must be carefully dis¬ 
tinguished from ^^udo-jytRryigium, which is due to the tip of a 
fold of chemotic conjunctiva becoming adherent to an ulcer 
within .the corneal margin. It may occur at any part of the 
cornea. The conjunctiva then forms a bridge over the limbus, 
and a fine probe can always be passed beneath it, which is not 
possible with a true pterygium. 
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The apex of the pterygium is usually blunt; there is no 
ulcer in the cornea beyond it, as formerly described, but there 
are often small opacities. In the early stage the pterygium is 
thick and vascular; it advances over the cornea and may 
reach the pupillary area and interfere with vision. When it 
ceases to grow it becomes thin and pale, but never disappears. 

The true pterygium is a single layer of conjunctiva, adherent 
in its whole length to the sclerotic and cornea, though only 
loosely, except at the apex. The area of adhesion is always 
smaller than its breadth, so that there are folds at the upper 
and lower borders. , « 

Pterygium is not due to a fold of conjunctiva being dragged 
across the cornea by a progressive ulcer, as was once taught. 


; i 





Fro. 112.—Pterygium. 


It is probably due to malnutrition of the cornea, resulting frera 
the pinguecula, and prolonged irritation. Granulation tissue 
grows in under the epithelium, destroying Bowman’s mem¬ 
brane. When it ceases to progress dense fibrous tissue is 
formed. 

Pterygium is rare in England, but is common in dry climates 
with sandy soils, e.g., parts of Australia, South Africa, Texas, 
&c. It was common in soldiers during the Boer War, and it is 
not infrequently seen in sailors. 

Treatment. Pterygium is best left alone unless it is pro¬ 
gressing rapidly towards the pupillary area, or is very dis¬ 
figuring. The latter reason is not of much weight, since it 
cannot be removed without leaving a scar. 

Th$ apex of the pterygium may be destroyed by 
diathermy. Removal is effected by seizing the neck, near 
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the corneal margin, with fixation forceps, raising it, and 
shaving or dissecting the apex from the cornea. Care must 
be taken not to go too deep. The pterygium is freed from the 
sclerotic for about half the distance towards the canthus. 
Two converging incisions with scissors separate the apex and 
greater part of the body. The conjunctiva is then freed from 
the sclerotic above and below so as to admit of the two edges 
being sutured together. 

Pterygium sometimes recurs after removal. This may be 
only apparent, owing to vascularisation of the denuded area. 
If it actually re-forms and extends towards the pupillary area, 
the apex should be turned down under the bulbar conjunci iva 
and sutured in this position (McReynolds). 

Symptomatic Conditions 

Subconjunctival Ecchymosis, due to the rupture of small 
vessels, frequently occurs. It may be the result of direct 
injury, or, more commonly, occur spontaneously. Very 
minute ecehymoses, or possibly thromboses, are seen in severe 
conjunctivitis, especially pneumococcic. Larger ones accom¬ 
pany severe straining, especially in old people, e.g., on lifting 
heavy weights, vomiting, &c. In these circumstances they 
indicate a weakness of the vessel walls, and should be regarded 
as a danger signal. Other signs of arteriosclerosis should be 
sought in the fundus oculi and elsewhere, and* if found, warn¬ 
ing of the possibility of cerebral haemorrhage given, with 
appropriate instructions for its avoidance. Very frequently 
no such signs can be discovered, and the condition, though 
unsightly, is trivial. Subconjunctival ecehymoses are not 
infrequently seen in children with whooping cough ; as a rule 
they need arouse no anxiety, but retinal haemorrhages and 
hyphaema also occur in association with them, as well as 
cerebral haemorrhage. 

More serious are the large subconjunctival ecehymoses 
which sometimes follow blows ot falls on the head. They 
may then be due to extravasation of blood along the floor of 
the orbit, the result of a fractured base. In fractures of the 
sphenoid the blood appears later on the temporal side than 
elsewhere. Haemorrhage also results from severe or pro¬ 
longed pressure on the thorax and abdomen, as in persons 
squeezed in a crowd. 

Suhconjunctlval haemorrhages may occur in scurvy, pur- 
pura, malana, and so on. 
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The importance of subconjunctival haemorrhage is always 
symptomatic, since the eye itself is never endangered. 

Treatment. The blood becomes absorbed in from one 
to three weeks without treatment. Boric lotion is usually 
ordered as a placebo. Dionin may be used to accelerate 
absorption in young patients, but should not be employed in 
elderly subjects with arteriosclerosis. 

Chemosis, or oedema of the conjunctiva, may occur in 
(1) acute inflammations ; (2) in cases of obstruction to the 
lymph flow ; (3) in abnormal blood conditions. 

In the first group of cases the inflammation may be in the 
conjunctiva, e.g., gonorrhoeal conjunctivitis, or within the eye¬ 
ball, as in panophthalmitis, hypopyon ulcer. It is also found 
in acute glaucoma. The inflammation may be in the accessory 
structures of the eye, e.g., a stye, a parasitic bite on the 
lid, dacryocystitis, periostitis, orbital cellulitis, cerebro-spinal 
meningitis/ The chemosis of dionin is probably due to a 
specific irritation of the conjunctival vessel walls. 

In the second group the pressure of an orbital tumour may 
so interfere with the lymph and blood streams as to produce 
chemosis, and it is found in pulsating exophthalmos. 

To the third group belong Bright’s disease and the anaemias 
It is sometimes due to urticaria or angioneurotic oedema. 
Recurrent chemosis is sometimes associated with menstrua' 
tion, and it has been observed in trigeminal neuralgia and 
migraine. 

Xerosis ( Syn .— Xerophthalmia) (f??po 9 , dry) is a dry, lustre¬ 
less condition of the conjunctiva which occurs in two groups of 
cases : (1) as a sequel of local ocular affection ; (2) associated 
with general disease. 

The first type is a cicatricial degeneration of the conjunctiva 
—(a) following trachoma, burns, pemphigus, diphtheria, &c., 
commencing in isolated spots, ultimately involving the whole 
conjunctiva and cornea ; (b) following exposure, due to 

ectropion or proptosis, whereby the eye is not properly covered 
by the lids. As the result of the rare affection of the conjunc¬ 
tiva with pemphigus the cicatricial contraction of the con¬ 
junctiva may be extreme and progressive, a sort of keloid 
condition being induced {essential shrinking of the conjunctiva ): 
the lids may then be quite adherent to the globe, the cornea 
being opaque like skin (vide p. 188). 

In the other group of cases xerosis occurs in a mild form, 
foun£ in children, usually boys, accompanied by night blind¬ 
ness (Chap. XIX.), and characterised by small triangular 
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white patches on the outer and inner sides of the cornea, 
covered by a material resembling dried foam, which is not 
wetted by the tears (Bitot’s spots). The cases usually occur 
during the summer months, and the children are not con¬ 
spicuously ill-nourished. A similar mild form, also associated 
with night blindness (vide p. 417), is met with in adults in some 
countries, e.g., India, but seldom if ever in England. A severe 
form is found in marasmic children, associated with kerato¬ 
malacia (vide p. 224) and necrosis of the cornea. 

Pathology. The chief changes are in the epithelium, which 
becomes epidermoid, i.e., exactly like that of skin, with 
granular and horny layers. The foamy spots are due to horny 
epithelium, which becomes cast off into the conjunctival sac 
and accumulates in the lower fornix. Owing to this change 
the epithelium ceases to secrete mucus. It becomes dry ; a 
certain amount of vicarious activity is set up in the. Meibomian 
glands (Chap. XXXI.), which cover the surface with their fatty 
secretion. The watery tears then fail to moisten the con¬ 
junctiva. The so-called xerosis bacilli, which are pseudo¬ 
diphtheria bacilli, grow profusely under these conditions, but 
they have no causal relationship and are of no importance. 

Xerophthalmia, and the associated night-blindness, is a 
deficiency disease due to absence of fat-soluble vitamin A in 
the diet. This avitaminosis is associated with demyelination 
of the Yth nerve in animals, so that the condition is probably 
essentially neurotrophic (Mellanby). 

It is to be noted that xerosis has nothing to do with any 
failure of function on the part of the lacrymal apparatus. 
The conjunctivs^can be quite efficiently moistened by its own 
secretions alone. If the lacrymal gland is extirpated xerosis 
does not follow. If on the other hand the secretory activity 
of the membrane itself is impaired xerosis follows, in spite of 
normal or increased lacrymal secretion. The tears of rabbits 
fed on vitamin A deficient diets are deficient in lysozyme 
(Findlay), thus explaining the susceptibility to local bacterial 
invasion. 

Treatment. Xerosis is a symptom, and its treatment must 
therefore be purely symptomatic. Local treatment consists 
in relieving the dryness with parolein, olive oil, milk, weak 
alkaline solutions, &c. : smoked glasses should be worn. 

In xerophthalmia restoration of normal nutrition by admini¬ 
stration of vitamin A and other measures is all important, 
though in marasmic cases the patients have often gone too far. 

Argyrosis is the staining of the conjunctiva from prolonged 
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application of silver salts (nitrate, protargol, &c.) for the 
treatment of chronic conjunctivitis, and especially trachoma. 
The conjunctiva, particularly the lower fornix, is stained 
deep brown. The staining is due to the impregnation of the 
elastic fibres in the membrane and vessel walls with reduced 
metallic silver. The condition is very difficult to get rid of, 
but subconjunctival injection (03 c.c.) of 2 parts of 2 per 
cent, potassium ferricyanide with 1 part of 12 per cent, sodium 
thiosulphate appears to be most efficacious: a platinum 
needle must be used to avoid staining with iron. 

Cysts and Tumours 

The only common cysts found in the conjunctiva are due to 
dilatation of lymph spaces. When small these often form rows 
of little cysts on the bulbar conjunctiva (lymphangiectasia). 
Occasionally single, though multilocular, cysts occur (lymphan¬ 
gioma). Larger retention cysts of Krause’s accessory lacrymal 
glands occur in the upper fornix (Chap. XXXI.). Subcon¬ 
junctival cysticercus and hydatid are rare in England. Non- 
parasitic cysts require simple removal of the anterior walls. 
Epithelial implantation cysts occur rarely after injuries or opera¬ 
tions, e.g.y tenotomy, and may burrow into the cornea. 

Tumours of the conjunctiva have all a tendency to be polypoid, 
owing to the perpetual movements of the globe and lids. 

Papillomata occur at the inner canthus and in the fornices. In 
the latter position they may be mistaken for the cockscomb type 
of tubercle, but the individual leaflets may be separated by a 
probe. They also occur sometimes at the limbus in old people 
apd are then liable to become malignant. They should be 
removed. 

Simple Granulomala, generally polypoid, often grow from teno¬ 
tomy wounds or the sites of foreign bodies. They consist of 
exuberant granulation tissue. They are common in empty 
sockets after excision, and at the site of chalazions which 
have been insufficiently scraped (Chap. XXXI.). They should be 
removed by scissors. 

Fibromata, also generally polypoid, occur in sockets. They 
may be soft or hard, and require simple removal. 

Ncevi or congenital moles are not uncommon. They are white 
gelatinous or pigmented nodules situated by preference at the 
limbus or near the plica semilunaris. They have the same 
structure as in the skin—groups, often alveolar, of “ nrovus cells ” 
in close connection with the epithelium. They are congenital 
and Jend to grow at puberty, rarely becoming malignant. They 
may be excised. Pigmentation at„ the limbus occurs normally 
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in dark races, and patches in this situation are not uncommon in 
people with dark complexions. 

Dermoids are lenticular yellow tumours, usually astride the 
corneal margin, most commonly at the outer side (Fig. 113). They 
are often wrongly called dermoids of the cornea. Not infre¬ 
quently there is a notch in the upper lid corresponding with the 
position of the tumour. They consist of skin in an abnormal 
situation, with epidermoid epithelium, hairs, sebaceous glands, &c. 
They are congenital and tend to grow at puberty ; the hairs also 
grow and often cause irritation. Dermoids should be dissected 
off the globe if troublesome, though their removal does not produce 



Fio. 113.—Dermoid of the conjunctiva, in a somewhat 
unusual situation. Note the hairs; 


much improvement in appearance, as the site of attachment to 
the cornea remains densely opaque. 

J)ermo-lipomata or jibro-fatty tumours are congenital tumours 
found at the outer canthus in babies. They consist of fibrous 
tissue and fat, sometimes with dermoid tissue on the surface. 
They are not encapsuled. The main mass should be removed, 
but it will be found that the fat is continuous with that of 
the orbit: care must be taken not to injure the extrinsic 
muscles. Dermo-lipomata may be associated with accessory 
auricles and other congenital defects. 

Sarcoma is rare. It occurs at the limbus, is usually pigmented, 
and most of the patients have been old. Sarcomata spread over 
the surface of the globe, but rarely penetrate it. Recurrence and 
metastasis occur as elsewhere in the bodv. They may be alveolar 
—derived from nsevi—or round or spindle celled. They must be 
removed as freely os possible and examined microscopically. On 
the slightest sign of recurrence the eye must be excised, and if 
recurrence again takes place the orbit must be exenterated or 
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deep X-ray therapy adopted. A diffuse spreading pigmentation 
of the conjunctiva occurs rarely in elderly people, and has been 
known to give rise to metastatic sarcomatous tumours. It should 
always be viewed with grave suspicion. 

Epithelioma ( Syn .— Squamous-celled Carcinoma) occurs par 
excellence where one kind of epithelium passes into another, 
hence in the eye chiefly at the limbus (Fig. 114), and at the edges 



Fro. 1J4.—Epithelioma of the conjunctiva, from a section (x 6). 


of the lids. Papillomata in old people often take on malignant 
proliferation. Like sarcomata, epitheliomata spread over the 
surface and into the fornices, rarely penetrating the globe. They 
have the characteristic structure. The treatment is the same as 
for sarcoma : it is well in both cases to cauterise the base by 
diathermy or the actual cautery after the first removal. 

Rodent Ulcer (Syn. — Basal-celled Carcinoma ) may invade the 
conjunctiva from the lids (vide p. 645). 




CHAPTER XI 

Diseases of the Cornea 

The special importance of diseases of the cornea depends 
'Upon the fact that they often leave permanent opacities which 
seriously lower the visual acuity, while the complications 
which not infrequently attend them may lead to the loss of 
the eye. 

Inflammation of the Cornea (Keratitis) 

Inflammation of the cornea may be purulent or no n-pu rulent. 
An immense amount of research has been devoted to inffltm- 
mation of the cornea from the earliest investigations of 
Bowman (1849) onwards, and much of our knowledge of 
inflammation in general is derived from these researches. 

Purulent Keratitis, Ulceration of the Cornea. Purulent 
keratitis is nearly always exogenous, i.e., it is due to pyogenic 
organisms which invade the cornea from without. The first 
line of defence.is the epithelium. It has been pointed out that 
the only organisms which are known to be able to invade 
normal epithelium are the gonococcus and the diphtheria 
bacillus ; but many other bacteria are capable of producing 
ulceration, notably the pneumococcus. 

'When we remember tne exposed position of the cornea it is 
not surprising that minute abrasions are extremely common. 
They are probably of everyday occurrence, but other factors 
have also to be reckoned with. Pathogenic organisms of high 
virulence are not always present in the conjunctival sac, and 
if they are, as is often the case, the resistance of the normal 
tissues has to be taken into account. It is too often forgotten 
that normal tissues with a healthy blood supply and lymph 
flow are well armed against any but the most virulent invaders. 
Even with these prolonged contact is usually necessary. 

Apart from actual abrasions many causes of diminished > 
resistance of the epithelium are met with. Such are drying, ,, 
as in xerosis, necrosis due to deficient nutrition, as in trerato- : 
malacia, desquamation as the result of oedema or neuro 
paralytic keratitis. If cocaine is instilled too freely, especially 

187 
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if the lids are not kept closed in the intervals, the epithelium 
becomes dull and is dually thrown off. Hence this drug is 
to be used with caution and only under supervision ; it should 
seldom be given in lotions for use at home. 

Malnutrition affects not only the epithelium but also the 
whole cornea. In badly nourished coraese ulceration is apt to 
be deep, leading to early perforation, and also extensive, 
resulting in widespread necrosis. Such septic ulcers, due to the 
attack of ordinary pyogenic organisms, occur after injuries, 
in asthenic conditions, in keratomalacia, lagophthalmia, &c. 
Corneal ulcers are much commoner in the lower orders, doubt¬ 
less owing to the defective resistance of the tissues and the 
more frequent exposure to injury. 

y jin the commonest form of suppurative keratitis—the 
cdrneal ulcer—there is localised necrosis in the most anterior 
layers of the cornea. The sequestrum is partly disintegrated 
and cast off into the conjunctival sac, and partly adheres to the 
surface of the ulcer. Usually the epithelium is destroyed and 
cast off ovef an area considerably larger than the ulcer itself, 
and the same applies to Bowman’s membrane. The epithe¬ 
lium, however, rapidly advances towards the ulcer, grows 
over its edge, and even over the slough or pus which forms 
the floor. 

The ulcer is usually saucer-shaped, and the walls'project 
above the normal surface of the cornea (Fig. 115), owing to 
imbibition of fluid by the corneal lamellae, which causes 
them to swell. The spaces between the lamellae are packed 
with leucocytes for some distance around the ulcer, appearing 
as a grey zone of infiltration. This is the progressive stage. 

A line of demarcation forms as in necrosis elsewhere in the 
body. The toxins are most concentrated near the centre 
where there are most organisms. A wall of polymorphonuclear 
leucocytes forms a second line of defence. At a certain dis¬ 
tance the tissues are protected ; here the leucocytes are not 
paralysed or killed by toxins, but exert their digestive func- 
tjgns, macerating and dissolving the necrotic tissues. When 
the dead material has been thrown off the ulcer is somewhat 
larger, but the cloudiness has disappeared, the floor and 
edges are smooth and transparent, and the regressive stage is 
reaohed. 

Meanwhile vascularisation has been going on (Plate V., 
Fig^ 1). Minute superficial vessels grow in from the limbus 
near the ulcer. They supply the pabulum to restore the loss 
of substance : they also supply protective substances—anti- 
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bodies—and therefore play an important rSle in combating 
bacterial infection. Sometimes they are so exuberant as to 
overstep the limits of utility, e.g ., in fascicular ulcer (vide 
p. 221). 

When the ulcer has become vascularised, everything is 
prepared for cicatrisation, which is carried out exactly as in 
other connective tissues. The fixed connective tissue cells, 
here the corneal corpuscles, divide and form masses of 
nucleated spindle-shaped cells, over which the epithelium grows 
and is lifted to its normal level. The nuclei and vessels 
gradually disappear, and a mass of fibrous tissue is formed. 
The fibres are not arranged regularly like the normal lamellae, 
so that they refract the light in various directions : the scar is, 
therefore, more or less opaque according to its thickness. If 
it is very large and dense some of the larger vessels persist 
permanently ; the smaller ones disappear. Bowman’s mem* 



Fia. 115.—Vertical section of a corneal uloer, showing infiltration 
of the substantia propria. 

brane is never regenerated, and if it has been destroyed, as is 
the case in all but very superficial abrasions, some degree of 
permanent opacity remains. 

■‘During the progressive stage there is lacrymation, photo¬ 
phobia, and pain, owing to the exposure of the fibrils of the 
ophthalmic division of the fifth nerve. Some of the toxins 
elaborated by the bacteria diffuse through the cornea into the 
anterior chamber, just as atropine does when instilled into the 
conjunctival sac. Here they exert an irritative effect upon 
the vessels of the iris and ciliary body, so that hyperaBmitwof 
the iris, with or without definite ciliary injection, occurs. Tue 
irritation may be so great that leucocytosis takes place, and 
polymorphonuclear leucocytes are poured out by the vessels 
of the iris and ciliary processes. They pass into the aqueous 
and gravitate to the bottom of the anterior chamber, where 
they form an hy popyo n (Plate VI, Fig. 2; Fig. 131). 

There are several important facts about hypopyon which 
must be borne in mind. The pus cells do not come from the 
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cornea, as was once thought. This is proved by the following 
facts : (1) Deseemet’s membrane is impermeable to leucocytes, 
though fluids readily pass through it; (2) the cells sometimes 
contain pigment granules, obviously derived from the uveal 
tract; (3) if the ulcer has not perforated, the hypopyon is 
sterile. The last fact is of the greatest importance, both 
theoretically and practically. It shows that the leucocytosis 
is due to toxins, not to actual invasion of bacteria, which, 
indeed, are as incapable of passing through the intact Desce- 
met’s membrane as are leucocytes. It accounts for the ease 
and rapidity with which hypopyon is often absorbed : it may 
develop in an hour or two, rapidly disappear, and as readily 
reappear. Such hypopyons are very fluid, always moving to 
the lowest part of the anterior chamber if the position of the 
patient’s head is changed. The fact that the hypopyon is 
sterile has great practical importance—it is unnecessary to 
remove the.pus, as is the rule in all other parts of the body ; if 
the ulcerative process can be stopped the hypopyon will be 
absorbed. 

The hypopyon may be so small that it is scarcely visible, 
being hidden behind the rim of sclera which overlaps the 
cornea. It may reach half-way up the iris, having a flat 
upper surface in accordance with the laws of gravity. It may 
fill the anterior chamber, wholly obscuring the iris. The 
larger hypopyons are usually less fluid, owing to the forma¬ 
tion of a fibrinous network which imprisons the leucocytes in 
its meshes. Such hypopyons are much less readily absorbed, 
and it may be necessary or advisable to evacuate them. 

The scar tissue which replaces the destroyed portions of the 
cornea usually fills in the gap exactly, so that the surface Vs 
level. If it is thin the resulting opacity is slight and is called 
a nebula (Plate V., Fig. 1); if rather more dense it is some¬ 
times called a macula ; if very dense and white it is called a 
leucoma. Old central leucomata sometimes show a horizontal 
pigmented line in the palpebral aperture, the nature of which 
is obscure. A thin, diffuse nebula covering the pupillary area 
interferes more with vision than a strictly localised dense 
leucoma, so long as the latter does not block the whole pupil¬ 
lary area. The reason is that the leucoma stops all the light 
which falls upon it (Fig. 116), whereas the nebula refracts it 
irregularly, allowing many of the rays to fall upon the retina, 
where they blur the image formed by the regularly refracted 
rays? An opacity does not necessarily prevent the light from 
being focussed upon the retina immediately behind it. Thus, 
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Fig. I.—Interstitial keratitis 



Fig. %. —Episcleritis. 
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a central opacity of the cornea will not prevent the focussing 
of an object upon the macular region, for the rays passing 
through the dear peripheral parts of the cornea will be re¬ 
fracted towards the macula, only those rays being cut off 
which are incident to the corneal surface at the opaque region. 
There is thus a loss of brightness rather than of definition, 
though definition will also be impaired by the superposition 
of a diffuse entoptic image of the opacity upon the clear image 
of the external object. 

When Bowman’s membrane has been destroyed the opacity 
Is permanent, but even then it tends to clear more or less. 
The younger the patient the more clearing may be anticipated. 
The deeper the cicatrix the less it clears ; perforating wounds 
remain permanently opaque. This fact is well illustrated by 



Fra. 11C.—Optical effect of a corneal opacity. 


the punctures made by discission needles in needling cataract; 
they remain as grey spots in the cornea throughout life. 
Vascularisation plays a part in the clearing of corneal opacities, 
as is shown by the fact that they clear first in the immediate 
vicinity of the vessels. 

Extremely thin cicatrices may be almost or quite trans¬ 
parent. In them there is often deficient scar tissue formed 
so that the surface is flattened or even indented. Such corneal 
facets can only be seen by carefully examining the corneal reflex 
{vide p. 86), but they cause considerable defect of visual acuity. 

From the same cause— deficiency of scar tissue—the cornea 
nay be markedly thinner at the site of the ulcer than else¬ 
where. The scar may then bulge above the surface, owing 
o ineffectual resistance to the normal intraocular pressure. 
\s the cicatrix becomes consolidated the bulging may dis- 
ippear, or it may remain permanently as an cctatic cicatrix 
keratcctasia from ulcer). 

Some ulcers, especially those due to the pneumococcus and 
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septic organisms, extend rapidly in depth. There is then 
grave danger of perforation. The whole thickness of the 
cornea except Deseemet’s membrane and a few corneal lamellre 
may be destroyed. Descemet’s membrane, like other elastic 
membranes, offers great resistance to inflammatory processes. 
It is, however, unable alone to support the intraocular pres¬ 
sure : it therefore becomes protruded through the ulcer, 
appearing upon the surface as a transparent vesicle, which is 
called a keratocele. This may persist, surrounded by a white 
cicatricial ring, or it may eventually rupture. 

Peroration and its effects. When an ulcer perforates thfc 
aqueous“suHHehTy escapes and the intraocular pressure sinks 
to zero, i.e., to the atmospheric pressure. The iris and lens 
are driven forwards into contact with the back of the 
cornea. 

The effect t>f perforation upon the nutrition of the cornea is 
good : owing to the diminution of intraocular pressure the 
diffusion of lymph through the cornea is facilitated. Ulcera¬ 
tion usually ceases, pain is alleviated, and cicatrisation pro¬ 
ceeds rapidly. The complications which attend perforation 
are, however, of extreme danger to sight and even to the pre¬ 
servation of the eye. These complications vary according to 
the p ositio n and size of the perforation. 

Usually the perforation takes place opposite some part of the 
iris, which therefore lines the aperture when the aqueous 
escapes. The iris becomes gummed down to the opening by 
lymph, which gradually organises, and an anterior synechia is 
formed. The blocking of the perforation with iris allows the 
anterior chamber to be re-formed, fresh aqueous being rapidly 
secreted. 

The aqueous often escapes very quickly owing to some 
sudden exertion on the part of the patient, e.g ., coughing, 
sneezing, straining at stool, or spasm of the orbicularis. Any 
such sudden exertion causes a rise in general blood pressure, 
which at once manifests itself by a rise in intraocular pressure. 
The weak floor of the ulcer is unable to support the sudden 
strain and gives way. In such a case, especially if the per¬ 
foration is large, a portion of the iris is carried not only into 
the opening but through it, and a prolapse of iris is produced. 
The prolapse may not include the pupillary margin, in which 
case it is hemispherical; or the pupillary margin may also 
prolapse, a tag of iris lying free upon the cornea. In either 
case the colour of the iris soon becomes obscured by the 
deposition of grey or yellow lymph upon the surface, tn large 
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prolapses the stroma becomes thinned and the black retinal 
pigment epithelium is thrown into relief. 

Sometimes the whole cornea sloughs, with the exception of 
a narrow rim at the margin, and total prolapse of iris occurs. 
The pupil usually becomes blocked with exudate, and a false 
cornea is formed, consisting of iris covered by lymph. 

If the perforation takes place very suddenly the suspensory 
ligament of the lens is much stretched. It may rupture 
partially, causing tilting or dislocation of the lens, or wholly, 
$o that the lens may 


be expelled through 
the perforation. 

If prolapse of iris 
has occurred cica¬ 
trisation may still 
progress. The 
lymph which covers 
the prolapse or 
pseudo-cornea be¬ 
comes organised, 
and forms a thin 
layer of connective 
tissue over which 
the conjunctival or 
corneal epithelium 
rapidly grows. The 
contraction of the 
bands of fibrous tis- 
di le tends to flatten 
the protruding pro- 



\ 


lapse or pseudo- 
cornea. It rarely, 
however, becomes 


Fig. 117.—Anterior staphyloma, showing also an 
anterior capsular (pyramidal) cataract. (R. L. 
O. H. Museum.) 


quite flat; more commonly the iris and cicatricial tissue are too 
weak to support the restored intraocular pressure, which is 
often increased, owing to the advance in position of the iris 
(vide p. 281). The cicatrix tends therefore to become ectatic, 
and such an ectatic cicatrix in which the iris is incarcerated is 


called an anterior staphyloma (Fig. 117). If the prolapse of iris 
is partial the resulting staphyloma will be partial; if total, a 
total staphyloma will ensue. The bands of scar tissue on the 
staphyloma vary in breadth and thickness, producing a 
lobulated surface, hence the name (ara<f>v\i], a bunch of 
grapes). 
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If the perforation happens to be opposite the pupil it cannot 
be covered with iris. The pupil often becomes adherent to the 
margin, and the aperture becomes filled with exudate. The 
anterior chamber is then re-formed very slowly: the lens 
remains long in contact with the ulcer, and permanent opacity 
may occur in it —anterior capsular cataract (Fig. 117). As the 
anterior chamber r6-forms the exudate filling the opening is 
submitted to strain. It frequently ruptures, especially if the 
patient is restless. This process may be repeated again and 
again, so that the opening may become permanent —corneal 
fistula. 

The sudden reduction of intraocular pressure when the per¬ 
foration occurs removes support from all the intraocular blood 
vessels. They become dilated and may rupture, intraocular 
haemorrhage taking place. The retinal vessels may rupture, 
causing vitreous haemorrhage, or the choroidal, causing 
sub-retinal or sub-choroidal haemorrhage. It may be so pro¬ 
fuse that the Contents of the globe are extruded with the out¬ 
flowing blood ; indeed, in very rare cases the haemorrhage may 
endanger life, for it is most likely to occur in old people with 
atheromatous vessels. 

Finally, the organisms which have caused the ulceration 
of the cornea may gain access to the interior of the 
eye as the result of perforation, the vitreous acting as 
an excellent culture medium. Purulent irido-cyclitis or 
even panophthalmitis may thus be set up, a result especially 
prone to occur in gonorrhoeal ophthalmia and in hypopyon 
ulcer ( q.v .). 

Treatment of Uncomplicated Ulcers. Control of infection, 
cleanliness, heat, rest, and protection are the fundamental 
principles of the treatment of corneal ulcers. Control of 
infection is attained by the use of bacteriostatic drugs: 
surgical cleanliness is the principle which should regulate the 
use of lotions; heat is employed to prevent stasis and encourage 
repair; local rest'Js attained by the use of atropine; rest and 
protection from deleterious external agencies are aimed at in 
the use of a pad and bandage. 

■ The ordinary treatment of a simple uncomplicated ulcer is 
as follows : The conjunctival sac is washed out carefully three 
or more times a day with a considerable quantity of a mild 
antiseptic lotion, which should be used as hot as can be borne 
comfortably {vide p. 192). It acts principally by washing away 
secretions and necrotic material, which carry with them many 
of the organisms and their toxins. It is impossible to apply 
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antiseptics sufficiently strong to kill the organisms, henoe it is 
of little importance whether weak sublimate lotion (1 in 8000) 
or simple boric lotion be used. 

The infection is Controlled by the local use of bacteriostatic 
drugs such aB penicillin solution (1000 to 2000 units per c.c.) 
as drops repeated every quarter of an hour for the first two 
hours and then periodically as indicated {vide p. 696). In a mild 
case three or four instillations will suffice. Before each the eye 
should be irrigated and a drop of 1 per cent, atropine solution 
or a small lump of 1 per cent, atropine ointment introduced 
.between the lids. 

A protective pad and bandage are then applied. It consists 
of a pad of sterile gamgee tissue, or a layer of cyanide gauze 
covered by a pad of cotton wool, kept in place by a bandage, 
firmly but securely applied. A simple tie bandage suffices. 
This is of sufficient length to pass round the .head and tie 
behind. It passes obliquely above the sound eye, over the 
ulcerated eye, and under the ear of the side of the affected 
eye, where the bandage is given a single turn ; the ends are 
tied just above the occipital protuberance. 

This treatment suffices for mild cases. 

In more severe cases the penicillin treatment should be 
intensified and hot bathings or compresses ( vide p. 694) should 
be applied in the intervals. The compresses should be made of 
large round pads of plain or boric lint, on one surface of which 
gutta-percha tissue is sewn. The compresses are placed in a cloth 
and immersed in boiling water; by keeping the ends of the cloth 
out of the water and turning them in opposite directions the 
excess of the water is wrung out without scalding the fingers. 
The compress is applied as hot as can be borne. It is at once 
covered with a large pad of hot cotton wool, and bandaged 
into position. 

Atropine has a twofold function in the treatment of corneal 
ulcers. In the first place it keeps the eye at rest by paralysing 
the intrinsic muscles, both the sphincter iridis and ciliary 
muscle. In the second place it prevents most of the dangerous 
results of iritis {vide p. 259). Corneal ulcers are always accom¬ 
panied by more or less iridic and ciliary hypersemia, and actual 
inflammation often occurs. 

Eserine has been recommended instead of atropine in the 
treatment of some ulcers. It has been held that prolapse is 
less likely to occur when a peripheral ulcer perforates if the 
pupil is contracted. This is a fallacy. Even with complete 
dilatation under atropine the pupil at once edntracts when the 
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aqueous escapes. The objections to eserine are that it prevents 
rest by keeping the sphincter iridis and ciliary muscle in a state 
of tonic contraction, that it irritates the iris and tends to in¬ 
crease iritis, with consequently greater risk of the formation of 
posterior synechise, and that it causes discomfort or even pain 
in the eye. It is never to be used for a simple ulcer, though it 
may have beneficial effects in special chronic types (vide 
p. 223). 

Any contributory cause for ulceration must of course receive 
attention. Prominent among such causes are conjunctiva l 
conditio ns and general malnutrition. Thus, the ulcers asso : 



Fig. 118.—Lang’s speculum. This form is preferable to the 
ordinary type, as it keeps the lashes out of the field of 
operation. 


dated with trachomatous pannus will not heal if the lids are 
neglected (vide p. 179). 

In purulent conjunctivitis and trachoma the lids should b& 
painted with silver nitrate, even during the progressive stage. 
The copper stick must not be used in trachoma, owing to the 
irritative effect upon the cornea. The presence of much con¬ 
junctival discharge is a contraindication to the use of a 
bandage ; the benefit derived from it is more than counter¬ 
acted by the retention of secretions (vide p. 163). It must be 
replaced by a shade. 

To restrain children from touching their bandages a cylinder 
of stout corrugated cardboard may be applied around the 
arm, reaching a little beyond the elbow, thus preventing 
flexion. 

In debilitated adults or old people and marasmic children 
the bfftlding up of the constitution by good food, fresh air, and 
tonics is often more important than the treatment of the local 
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condition. Large doses of vitamin C, injected intravenously 
if necessary, are frequently of considerable value in cases 
where the general health is not good. 

When cicatrisation is complete and all irritative signs have* 
passed off an attempt must be made to render the scar as 1 
ransparent as possible. The results are 
usually disappointing, but cicatrices clear 
considerably in young patients, and in 
many others a gratifying improvement 
may be noticed in the course of months 
•or yearB. Stimulating treatment is indi¬ 
cated, beginning with weak irritants and 
passing cautiously to stronger. Insuffla¬ 
tions of finely powdered calomel may be 
used first. If it is well borne dilute yellow 
oxide of mercury ointment is employed. 

A small lump of the ointment, gr. iv. to 
3 i., is placed in the conjunctival sac and 
rubbed in gently by rotatory movements 
of the upper lid by means of the finger. 

The massage with the lid should be em¬ 
ployed three times a day for periods of 
5 to 10 minutes. If it is not resented 
stronger ointment, up to gr. xvi. to ^ i., 
is used. As the eye becomes accustomed 
to one form of irritation it is well to 
change the drug from time to time. The 
use of 2 per cent, quinine bisulphate 
ointment twice a day has been advocated. 

'Dionin, 5 to 10 per cent., may be added 
to the ointment, or used in solution. On 
application, especially for the first few 
times, it causes great oedema of the con¬ 
junctiva and a burning sensation. The 

surgeon should make the first application, F 119 _ Fixation 

as the patient is often alarmed at its 
severity. The stimulation of the blood 
and lymph flow induced by this drug is 
undoubtedly beneficial. 

In very intractable cases the same effect may be produced 
by subconjunctival injections of sodium chloride solution 
(2 to 10 per cent.) or oxycyanide of mercupr (1 in 5,000) 
after instillation of cocaine. Five to ten minims of sterile 
solution are injected under the bulbar conjunctiva as far as 


force ps with 
“blocked’’ ends 
for holding a suture 
needle. 
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possible behind the upper part of the limbus. The pain, 
which may be severe, is diminished by the addition of 2 per 

cent, novocain to the solution. The injection 
should not be repeated more than once a 
week. 

Old, degenerated, often calcareous cica¬ 
trices are best left alone, since they are 
liable to break down and form very 
dangerous ulcers, owing to the lack of 
resistance in the scar tissue. 

In some cases of superficial keratitis the. 
scar remains permanently richly vascu- 
larised. These eyes are often extremely 
irritable and give rise to repeated at tacks 
of inflammation and lacrymation, which 
may make life a burden. Though uncer¬ 
tain in its results, perit omy (vide p. 182) is 
the best treatmenTT Tne re-growth of 
large new vessels must be prevented; it is 
best effected by painting the new vessels 
size fuusizf with a very fine camel’s hair brush which 

Fia. 120. Fig. 121. h as b oen moistened and then rubbed on a 
Broad needles. . 

silver nitrate stick, or by touching them 

with a diathermy needle. 

If a small dense leucoma covers the pupillary area 
vision may be improved by an optical iridectomy (Chap. 


HI, 


XXII.). 

Keratoplasty, the excision of a disc of scarred cornea, 
and its replacement by a disc of clear cornea from a 
human eye, is sometimes disappointing, and is only to be* 
resorted to if blindness is otherwise inevitable. 


*3\ Some improv ement in. ...appearance may be, obtained by 
^ * tattooing dense leucomata. It is only suitable for firm smooth 


scars in perfectly quiet eyes, and is even then not without 
danger. More justifiable is the tattooing of small central 
nebulae; it has the effect of cutting off the irregularly 
refracted rays, so that vision is improved (vide p. 201). 
Tattooing with Indian ink lias been replaced bv impregnation 
with gold (brown) or platinum (black): of these the latter is 
preferable. The required area is denuded of epithelium 
and a piece of blotting-paper of the same size, soaked in 
platinum chloride solution, is applied. On removal a few 
drops of fresh hydrazine hydrate are allowed to flow 
over the area, which becomes black. The eye is irrigated 
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with saline, a drop of parolein instilled, and a pad and bandage 
put on. 

Treatment of Complicated Ulcers, If perforation is immi- 
nent special means must be adopted to preWnt it. lne 
■pafient should be confined to bed, and laxatives given. 

It has already been pointed out that perforation improves 
the nutrition of the cornea. Perforation may sometimes bo 
anticipated with advantage by 'paracentesis. By this procedure 
the aqueous is evacuated slowly, anti the more dangerous 



Fia. 122.-- 
lverutoine. 


Fig. 

Dosm arras’ 
paracente¬ 
sis needle. 


Fid. 124.- 
Spatula. 


results of perforation may be avoided. Another indication 
for paracentesis is extreme pain. 

Paracentesis may be performed through the floor of th e 
ulcer ™ jyflff innifjp th» pwapbrny of the cornea. When the 
aqueous nas escaped and the inflamed iris comes in contact 
with the cornea the most acute pain is felt. The eye should 
therefore be anaesthetised by injection of novocain into the 
orbit or into Tenon’s capsule (vide p. 471). 

The patient lies upon his back upon the operating table. 
The conjunctival sac is washed out with warm boric lotion 
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or saline. The speculum (Fig. 118) is inserted, and the 
eye is fixed with fixation forceps (Fig. 119) by taking up 
a fold of conjunctiva at a convenient spot close to the 
corneal margin. The points of the forceps should be pressed 
well into the conjunctiva so as to include the episcleral 
tissue, otherwise they are liable to tear the conjunctiva 
if much traction is exerted, as by an involuntary movement 
of the patient. The eye is then pulled gently forwards. The 
incision is made with a broad needle (Figs. 120, 121), or a 
keratome, preferably one bent on the flat (Fig. 122), or a 
paracentesis needle (Fig. 123). If the floor of the ulcer is. 
to be incised the point is inserted here so that the blade 
makes an angle of about 45° with the cornea. Directly 
it is pushed through the floor the plane of the blade is 
altered so that it lies against the back of the cornea; 
if this is not done there is imminent danger of wounding 
the lens. The instrument is pushed on until the incision 
is sufficiently long. It is then very slowly withdrawn, 
so that the aqueous may flow off very gradually. If the aqueous 
escapes suddenly the lens may be wounded, intraocular 
haemorrhage may occur, or the iris may prolapse. If the last 
misfortune occur the prolapse must be excised {vide p. 212). 
If the operation is performed well, probably little aqueous will 
escape. The spatula (Fig. 124) is then applied to the edge of 
the wound which is nearer to the corneal margin, and this lip 
is gently depressed. The aqueous then escapes slowly and 
with a minimum disturbance to the eye. The aqueous can be 
evacuated on the following day by simply opening the wound 
with the spatula and depressing the lip. 

If the incision is made near the periphery of the cornea it" 
should be 1 to 2 mm. inside the lower margin, especially if 
there is an hypopyon present. The keratome is then entered 
in the plane of the iris, and its direction changed as before 
as soon as the point is seen to be inside the anterior 
chamber. 

I n deep ulce rs, such as are liable to perforate, the removal 
of necrotic material may be hastened by scraping the floor 
with a spatula, or the ulcer may be cauterised (vide p. 217). 
If the actual cautery is used it may be made deliberately to 
perforate the centre of the floor of the ulcer, so that the 
aqueous may escape and better conditions of nutrition be set 
up. This procedure can only be recommended in special 
cases. 

Another procedure is to scrape the floor of the uleer and 
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then to cover it with a flap of conjunctiva. The conjunc¬ 
tiva is separated from the limbus near the ulcer. A second 
incision is made with scissors parallel to the first, so that 
a strip of conjunctiva rather wider than the breadth of the 
ulcer is separated from the globe but remains attached at the 



Fig. 125. Fio. 126. 
Iris forceps, straight and 
bent. 


Fig. 127. — de Wecker's 
scissors. They should 
be blunt - pointed for 
iridectomy, one blade 
sharp-pointed for irido* 
tomy. 




two ends. This is then shifted on to the cornea so as to 
cover the ulcer, being retained in place by a stitch at one or 
both ends, thus keeping it somewhat stretched. The wound 
in the bulbar conjunctiva may be closed by a stitch. The 
lids are then carefully lifted over the strip, so as not to 
displace it, and the eye is bandaged. 
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,) If perforation has occurred the treatment depends upon ite 
size and situation. If i t is small or in t.ftp pnpillnry area 
prolapse of iris is not to be feared. Kest m bed, atropine, and 
a firmly applied bandage suffice : all forced expiration— 
blowing the nose, coughing, &c.—must be avoided. A sneeze 
can often be inhibited by firm pressure with the finger upon 
the middle of the upper lip close to the nose. If a small 
perforation is over thpi iri s, adhesion to the cornea usually 
occurs. It may become detached when the anterior 
chamber re-forms, or may be drawn out into a fine thread. No 
special treatment is required. . 

If prolapse of iris has occurred it should usually be 
excised (vide infra). No attempt should be made to replace 
the prolapse in these cases because the iris has become 
soiled with pus, and replacement may result in infection of 
the interior of the eye and panophthalmitis. 

Iridectomy of prolapsed iris is performed 
as follows: Instruments required: specu¬ 
lum, fixation forceps, two pairs of iris for¬ 
ceps (Figs. 125, 126), de Wecker’s scissors 
(Fig. 127), iris repositor (Fig. 128). 

If the patient is a child or highly excitable, 
a general anaesthesia is used, otherwise local 
anaesthesia, with or without novocain, 


suffices (vide p. 201). The conjunctival sac is 
washed out (vide p. 152). The speculum 
is inserted, and the eye fixed with fixa¬ 
tion forceps held in the left hand. The 
iris repositor is passed into the wound 
between the iris and the cornea, with a view* 


to freeing any adhesion. The longer the 
prolapse has existed the firmer will be the 
, . adhesion of the iris to the cornea. It may 
poaitor, made of be impossible to tree it, and in this case 
silver; it can l»c effectual iridectomy cannot be performed, 
bent to any re- n av i n g freed the iris as much as possible, 
quire ang e. ^he fixation forceps are handed over to an 
assistant. The prolapse is seized with iris forceps held in 
the right hand, as close to the cornea as possible, and 
drawn well out from the wound. The second pair of iris 


forceps, held in the left hand, is then applied again as near 


the cornea, as possible, and the iris drawn still further out. 


(Capsule forceps (Fig. 129) are very good for this purpose.) 
de Wecker’s scissors are then taken in the right hand, and 
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the iris is cut off close to the cornea. If the operation has 
been successfully performed the stump of iris retracts into 
the anterior chamber and is quite free from the wound. 
Atropine is instilled, and a pad and bandage applied. 

It is to be noted here that the iris is extremely ductile ; 
it can be dragged out much farther than might be expected, 
and it must be dragged out as far as possible in order that 
the incision may be through clean iris tissue, all the soiled 
part being removed. Some operators prefer to retain the 


fixation forceps in the left hand throughout, drawing out the 
iris with iris forceps in the right hand. In this 
case the assistant cuts off the prolapse. The 
method has the advantage that any sudden | 
movement of the eye may be counteracted or | 
followed by co-ordinated movements of the two, I 
hands of the same individual. Such sudden fi 
jerks have been known to drag the whole iris fi 

out of the wound, since it tears away at the fl| j 

thinnest part, viz., near the ciliary border. In t 

ordinary cases the greatest danger is that of IK 

wounding the lens. A conjunctival flap may be fifi/C 

used after excision of the prolapse (vide p. 211). 

Iridectomy of prolapsed iris is only possible HP 
within the first few days, before adhesion has 
become firm. It is not to be performed after 
this has occurred, nor in the case of very large HjfEf 

prolapses. In the latter there is so large an HVfSf 

opening in the cornea that a permanent fistula HSf 

•may result., with loss of the eye from diminished Im 

tension and shrinking. ■pH 

In veTy large prolapses there is much bulging M 

and the base is often constricted. Every attempt Mfj 

should then be directed to obtain a flat IBf] 

cicatrix. In addition to rest in bed and the |Jp 

means already advised, a pressure bandage must iBt 

be applied for a prolonged period. A pressure 
bandage differs from an ordinary protective fQgt;/ 
bandage only in that the space around the eye FULL si2e 
is packed carefully with cotton wool to the level Fig. 120. — 
of the nose and that considerable pressure is Couper’s 
exerted in applying the bandage. ceps 1 '* f ° r 

Keratocele is treated first by rest and a pres¬ 
sure bandage. If this fails the vesicle may be punctured, 
and the case treated like a perforated ulcer. 


Coupe r’s 
capsuV for¬ 
ceps. 
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Fistula of the cornea is treated first like a perforated ulcer. 
If this treatment fails the edges of the fistula may be 
cauterised with the actual cautery, or a point of lunar 
caustic. In' order that this may be done there must be 
some trace of an anterior chamber, otherwise the lens will 
be injured. A conjunctival flap may be drawn over the 
fistula. 

Commencing staphyloma should be treated by a pressure 
bandage. If this fails a paracentesis may be done, or an 
iridectomy opposite the clearest part of the cornea. 

Hypopyon Ulcer. When an eye is injured so that an 
abrasion of the cornea is produced there is grave danger of 
infection from virulent pyogenic organisms. The probabili¬ 
ties of this occurrence depend upon the presence of such 
organisms ai\d upon the amount of resistance which the tissues 
possess. Of all the organisms which are capable of producing 
deep ulceration by far the most dangerous, because the most 
widely spread, is the pneumococcus. It is not infrequently 
present in the normal conjunctival sac, but it is particularly 
likely to be present if there is any inflammation of the 
{ g-crymal sac (dacryocystitis). The presence of dacryocystitis 
is therefore a standing menace to the eye. The pneumo¬ 
coccus, more than any other organism, tends to give rise to 
hypopyon, but other pyogenic organisms may also produce 
this result. 

The substance which produces the injury may carry the 
infecting agent. The commonest causes are scratches with 
the finger nail, leaves or branches, grains of corn, and minute 
foreign bodies, especially stone. 

Unless the organism be very virulent some lack of resistance 
on the part of the tissues must be predicated. Hence hypo¬ 
pyon ulcers are much commonest in o ld p eople and alcohol ic 
subjects, and in the lo wer rat her than tEa upper classes. The 
’ debilitating effects of hot we at her are noticeable. Hypopyon 
ulcers also occur during or after acute infectious diseases, such 
as measles, scarlet f ever , small -pox, vaccinia and so on. In 
small-pox it is*not a variolous^pustule upon the cornea, but it 
differs from the typical hypopyon ulcer. 

Hypopyon ulcers vary in type according to the infective 
agent and the age of the patient. In about 70—80 per cent, 
of all cases in adults the cause is the pneumococcus, and the 
ufffer is then of a very characteristic type, and has been called 
"frtifff from its tendency to travel over the cornea in a 

serpiginous fashion. 1 



PLATE VI. 



hy[i‘>I>yon ulien the Imurt* was drawn. Fiji. 2 - H\popvon ulcer. 

I From a (ii.iuim; l»v Dr. S If Hnberslion ) 



Fiu. 3. Fio. 4 


Fig. 3.—Persistent pupillary membrane. Note Fig. 4.—Iritis, with irregulai pupil and 
tho origin of the strands from the position ring synechia, causing bulging for- 

of tlie minor arterial circle. wards of the iris (“ iris born be ”). 


f2'o face p. 214. 
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The typical ulcus serpens is a greyish-white or yellowish disc 
near the centre of the cornea (Plate VI., Fig. 1). The opacity 
is greater at the edges than at the centre and is particularly 
well marked in one special direction. A cloudy grey area, 
made up of fine lines, surrounds the disc, but is also more 
marked in the same direction. The whole of the c orne a ma y 
be lustreless or hazy. There is a vio l ent i riti s, and the aqueous 
i^cloudyT^oFihere may be a definite h vpopyop . THe ljds are 
slightly cedematous, and thereTTconjunctival and ciliary con¬ 
gestion. l T he~subjective symptoms "at the early stage "are 
paiiTm the eye a nd brow and a variable amount of pho to¬ 
phobia . There iff remarkably little pain after the initial stage; 
hence treatment is often unduly delayed, with disastrous 
results. 

The ulcer inc reases in siz e and depth. On the side of the 
densest infiltration, which often looks like a yellow crescent, 
the tissues break down and the ulcer spreads ; on the other 
side it may be undergoing s imult aneous cicatrisation. In ,this 
manner it travels forwards.^ Meanwhile the hypopyon has 
become moriTevident, but it may vary in size from hour to 
hour (vide p. 200). As mipht be expected, the intr aocular 
pressure is often raised. 1 

If left to pursue its natural course the hypopyon will increase 
and become fibrinous, the ulcer will perforate, usually forming 
a large opening through which the iris prolapses. The whole 
cornea, except the narrow rim nourished by the corneal loops 
(Plate II.), may necrose, and p anophth almitis destroy the eye. 
In other cases an extremely dense cicatrix in which the iris is 
incarcerated (adherent leucoma) destroys sight. This may be 
Tlat or ectatic (anterior staphyloma). Sometimes the iris is 
bound down to the lens before perforation occurs. In such 
cases there are post erior synechise, which may be annular 
or total (vide p. 260), and’the "pupil may be blocked by 
exudates which organise into fibrous tissue ( occlu sion of the 
pupil). 

^Though hypopyon ulcer occurs sometimes in children, it 
never assumes the typical form of an ulcus serpens. In them 
and in some cases in adults the serpigin ous characd^af the 
ulcer is not apparent, but it is‘~3istinguished by its great 
tendency to extend in depth, so that perforation readily occurs. 
On the whole, such ulcers have a milder course than the ulcus 
serpens, and this is especially the case in children. This is 
doubtless due partly to the fact that less virulent organisms 
are at work, especially applicable to adult cases, and partly 
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to greater resistance -of the tissues, especially applicable to 
children. 

The milder type of hypopyon ulcer is often due to the diplo- 
bacillus of Morax or to the allied diplobacillus liquefaciens of 
Petit. It usually commences as a central grey infiltration, 
which develops into an ulcer covered by a grey membrane and 
surrounded by radiating grey striae. It generally spreads in all 
directions, but does not show the same tendency as the pneu- 
mococcic ulcer to spread in depth. It can only be diagnosed 
with certainty by bacteriological examination. 

Pathology. The ulcus serpens is due to the pneumococcus', 
either alone or mixed with other organisms. There is no 
doubt that the essential features are caused by the pneumo- 



Fjg. 130.- -Diagram of hypopyon ulcer a — b, advancing infiltrated 
border ; b —c, ulcerated surface ; d, upper level of hypopyon. 

coccus alone. A variety of organisms- -staphylococci, strepto¬ 
cocci, gonococci. &c.—have been found in atypical hypopyon 
ulcers. As already stated, a relatively mild form is due to the 
diplobacillus. 

Anatomically, the ulcus serpens shows at first a depressed 
surface covered with slough (Fig. 130). The corneal lamelke 
around and below the ulcer are separated by masses of poly¬ 
morphonuclear leucocytes. 

In the progressive stage the infiltration is chiefly limited 
to an area, wedge-shaped in section, corresponding with the 
yellow crescent. In other parts the edges art; clean, and may 
be covered with epithelium. Of ten_ idiere--i h~ i nfi 1 tra ti oti just- 
anterior to Des cemet’s membrane at a spot exactly opposite 
the flocmj£IEiui2^ no rm al. 

This fact accounts to some extent for the great tendency to 
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perforation, since the inflammatory process is going on as it 
were from both surfaces of the cornea. 

The hypopyon consists of polymorphonuclear leucocytes 
massed together in the lower angle of the anterior chamber. 
In the later stages they are enmeshed in a network of fibrin. 
It has been pointed out that the leucocytes are derived from 
the iris and ciliary processes (vide p. 199). 

Treatment. In all cases of hypopyon ulcer in adults treat¬ 
ment must be initiated at once and must be energetic. An 
initial attack should be made with penicillin, a solution 
{ 1,000 to 2,500 units per c.c.) being dropped on to the cornea 
or, in the first place,* a few c rystals of the salt applied to the 
surface of the ulcer itself for approximately a minute while 
the eyelids are held apart. This should be done after the 
overhanging edge and the underlying infiltrated tissue have 
been curetted with a small spud. An alternative and very 
effective method is the subconju nctival inject ion of penicillin : 1 
if the pure salt is available doses of the order of 10,000 units 
can be repeated every three hours. The bacteriology should 
be investigated and if the organisms are found to be insensi¬ 
tive (which is rare) the treatment can be discontinued, but 
penicillin treatment should not be delayed until the cultures 
are developed. 

If the response to penicillin is not good, or if the organisms 
are not responsive to this drug, a full and intensive course of 
one of the sulpho namid es should be given (vide p. 695); < 
albucid drops applied locally have given good results. Atrojfine 
is instilled even if the tension is raised (vide infra). 

Coincidentally with this treatment the ulcer may be 
"cauterised. If this is performed skilfully it does no harm and 
may save the eye. It is seldom necessary in children. 

Ca uterisation may be performed with pure carbolic acid or 
tricmoracelic acid (10-20 per cent.) or with the actual cautery, 
the most convenient form of the latter being the galvano- 
cautery (Fig. 131). In my opinion the latter method, which 
requires more skill, possesses no advantages and has some 
disadvantages. Apart from the dangers attending' the use 
of the actual cautery, carbolic acid has the advantage of 
penetrating a little more deeply than it is actually applied, thus 
extending its antiseptic properties more widely ; it acts both as 
a caustic and an antiseptic. No harm is done even if the acid 
spreads over the normal cornea. Although the parts touched 
become at once quite white, the normal tissues rapidly recover 
without detriment. The acid must not, however, touch the 



218 DISEASES OF THE EYE 

conjunctiva, otherwise very acute conjunctivitis is set up and 
adhesion between the lids and globe may occur. 

Pure carbolic acid is applied as follows: The patient is 
seated or lying upon a couch. The ulcer is first stained with 
fluorescein (2 per cent.), in order that its limits may be more 
clearly defined. The conjunctival sac is thoroughly a nesth e¬ 
tized (vide p. 470). The surgeon stands behind or at the head, 
With his left hand he separates the lids as in removing a 
foreign body, steadying the globe at the same time. The ulcer 
is scraped with a spatula, and together with the surrounding 
cornea is dried with the point of a piece of blotting paper. A 
wooden match, somewhat pointed, is dipped into the carbolic 
acid. Care is taken that the wood is thoroughly wet, but has no 
drop of acid hanging to it which may run over the cornea. The 
ulcer is then touched over the whole of its surface with the 
point of the /match. If there is sufficient carbolic acid on the 
match the spot touched becomes white. Special care is taken 



Fia. 131.—Ophthalmic galvano-cautery, which may be worked off the 
main with a transformer, or off a portable accumulator. 


thoroughly to cauterise the advancing edge of an ulcus serpens, 
i.e.y the part marked by a yellow crescent. 

Cauterisation with carbolic acid may be r epeated two or 
three times at intervals of one nr two day s if the ulcer still* 
progresses! If this treatment, combined with the use in the 
intervals of mild antiseptic lotions, atropine, and hot bathings, 
as for less severe ulcers, does not check the progress, 
the actual cautery may be tried. It has been recommended 
to heat the ulcer with the cautery without actually touching 
it; or hot air may be blown on to it from a rubber ball, such 
as is used by dental surgeons. This treatment is certainly 
beneficial in some cases. 

If these means fail, and especially if the tension of the eye 
is raised [vide infra), yet more drastic measures must be 
resorted to. Of these the most important is ya ra centesii. IC 
may "be performed as already described, butin the case of 
hypopyon ulcers what is called Saemi&ctis sectio n (though it 
was devised by Guthrie) offers some advantages. ( It consists 
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in completely dividing the ulcer from one side to the other, 
the ends of the incision being in healthy corneal tissue. 
It must be remembered that if the operation is 
performed under cocaine the most excruciating 
pain is felt when the iris comes into contact 
with the cornea. For this reason it is best to use 
a general anaesthetic, or infiltrate deeply with 
novocain. 

Saemisch’s Section. Instruments required: 
speculum, fixation forceps, Graefe knife (Fig. 

*132), smooth iris forceps ; in case the iris should 
prolapse, the following should also be at hand: 
two pairs of iris forceps, de Wecker’s scissors, 
iris repositor. 

After anaesthetising, the eye is washed out ancj 
the speculum is inserted. The eye is fixed with 
fixation forceps in. the usual manner {vide p. 210). 

The point of the Graefe knife is inserted in 
healthy cornea just outside the edge of the ulcer, 
preferably at the advancing part where the yellow 
crescent is densest. The edge of the knife is 
directed forwards, so that if the lens advances 
before the section is complete it will touch the ** c w 

back of the knife and not be wounded. The g r a e f e 
knife is passed across the anterior chamber knife, 
until the point is seen beyond the opposite edge 
of the ulcer. The counter-puncture is made in healthy cornea 
here, and the knife is pushed on so as to cut out. The 
» aqueous pours out, and carries w ; th it much of the hypopyon. 
Atropine is instilled, and the eye bandaged. 

If the ulcer is very large it is impossible to make the 
puncture and counter-puncture in healthy cornea. In these 
cases, too, the knife usually cuts out as it is in the act of 
passing across the ulcer. If the hypopyon is very fibrinous 
it may be necessary to pull the coagulum out with the smooth 
iris forceps. 

This procedure i mproves the conditions of nutrition, of the 
cornea and ev acuates tiie hypopyon. It is not to be advo¬ 
cated in mild or m the early stage of severe cases, but as a 
last resource it may prove beneficial. 

Instead of the ordinary sublimate ldtion hydrogen peroxide 
may be used. Optochin or ethyl hydrocupreine, a quinine 
derivative, is said to have a specific action on pneumococcic 
ulcers: a 1 per cent, watery solution of the hydrochloride is 
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dropped into the eye frequently or it may be applied directly 
to the ulcer. 

The diplobacillary hypopyon ulcer should be treate d 
with 7ipe~Hp.lts. Zinc sulphate solution (0*25—1 per cent.) 
should be used every hour or two, and an ichthyol (1-5 per 
cent.)-zinc sulphate (0*5 per cent.) ointment applied to the 
lids. 

The results of treatment of the severer forms of hypopyon 
ulcer are disappointing. This is largely due to the fact that 
they are seen too late. In rabbits it is possible to control the 
development of pneumococcic ulcers by intravenous injection 
of an anti-pneumococcic serum, if this be used sufficiently 
early. This method has been adopted in man, but usually 
fails. The commonest cause of failure is the development of 
secondary glaucoma . The patients are usually elderly and 
therefore often have shallow anterior chambers. In the 
absence of an ulcer one would hesitate to put atropine into 
such an eye from the dread of causing glaucoma (vide p. 285). 
Now the presence of an ulcer, with the accompanying iritis 
and hypopyon, increases the risks of glaucoma from the use 
of atropine. We are therefore on the horns of a dilemma, for 
atropine will have a beneficial effect in keeping the iris at 
rest and tending to diminish the iritis, and therewith the 
hypopyon. The routine use of atropine is therefore justified, 
but the tension of the eye should be watched much more care¬ 
fully than is usually done. If the tension rises the effect on 
the cornea is extremely bad, for it diminishes the lymph-flow 
and therewith the resistance of the tissues to bacterial toxins. 
It is indeed a definite indication for prompt paracentesis or, 
Saemisch’s section ; otherwise the condition will go from bad 
to worse. 

If there is a mucocele the lacrymal sac should be excised as 
soon as possible (vide p. 656). 

Mycotic Hypopyon Ulcer. A rare form of hypopyon ulcer 
due to a fungus, the aspergillus fumigatus, is occasionally met 
with. In it the slough is dry in appearance, and is surrounded 
by a yellow line of demarcation, which gradually deepens into a 
gutter. As the name implies, there is an hypopyon. Treatment is 
the same as for other hypopyon ulcers. 

Ring ^bscess. See p. 447. 

Phlyctenular Keratitis. It has already been pointed out 
that phlyctens are commonly found seated upon the limbus. 
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They may also occur within the corneal margin. The fact 
must be emphasised that the disease is essentially conjunctival, 
and when the cornea is affected it is the conjunctival element 
of the cornea, viz., the epithelium and the superficial layers 
immediately underlying it, which suffers. Phlyctenular 
keratitis does not necessarily result in ulceration, so that in 
these cases it is incorrect to classify it as a purulent keratitis, 
but it is convenient to consider the corneal manifestations 
of the disease under this heading because the complications 
and their treatment are similar to 
jthose of corneal ulcers in general. 

Corneal phlyctens are localised 
infiltrations of exactly the same 
nature as conjunctival phlyctens. 

They cause mor e pain and reflex 
b lepharosp asm (phdTdpHobiaTThan 
do the conjuiict.ivaT~6iies,~syniptoms 
which are worse in the morning. 

They may become absorbed with- 
out destructio n of the overlying 
epithelium : in this case they cause 
no permanent opacity. The ten¬ 
dency for the epithelium to be destroyed or rubbed off is very 
great, and the denude d s urface easily becomes infected, 
usually by staphy lococc ifvide p~. IBB). In this manner a 
small superficial ulcer is formed. 

The corneal phlycten is a grey nodule, slightly raised above 
the surface. If the epithelium breaks down and an ulcer is 
formed the surface becomes covered with polymorphonuclear 
• leucocytes and looks yellow. The subsequent course depends 
probably upon the nature of the infection and the condition of 
nutrition of the patient. It may deepen rapidly and even 
perforate, though this is comparatively uncommon. 

A very characteristic form of phlyctenular ulcer is the 
fascicular ulcer (Figs. 72 B, 133). This is a serpiginous ulcer 
which steadily creeps over the cornea, usually towards the 
centre, advancing slowly for weeks. It is supplied by a leash 
of vessels which lie in a shallow gutter and follow the advance 
of the ulcer. The ulcer starts near the limbus and heals on 
the peripheral side, while the central margin remains grey and 
infiltrated. As long as this infiltrated crescent is seen the nicer 
is progressing. It always remains superficial and n§yer per¬ 
forates. When healing finally takes place the vessels gradually 
disappear, but the whole of the track of the ulcer remains as 



Fig. 133. — Fascicular ulcer, 
travelling inwards towards 
the centre of the cornea. 
(After Nettleship.) 
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are quite superficial, show little infiltration and no vasculari- 
sation; they form shallow round pits or facets about 2 mm. 
in diameter. There is little or no reaction, either in the form 
of lacrymation or photophobia. They do not spread either 
superficially or in depth, nor do they show any tendency to 
heal. When they finally heal they often leave clear facets, 
which only Very gradually disappear. They appear to have 
nothing in common with phlyctenular keratitis except that 
both conditions are indications of defective nutrition. They 
are not uncommonly associated with tr achom a. 

They sometimes occur outside the centre of the cornea, and 
may perforate, allowing a knuckle of iris to prolapse. This 
prolapse should not be cut off, owing to the relatively large 
gap in the cornea, and the defective powers of repair in the 
debilitated patient. 

Treatment .must be directed especially to improving the 
general nutrition. A few weeks in a convalescent home in the 
country will effect more than any local treatment. At ropin e 
and bor ic lotion a re used locally. Trachoma, if present, must 
be suitably treated. 

Keratomalacia is a rare disease in England, affecting badly 
nourished children, usually early in the first year of life. The 
conjunctiva becomes dry and shows xerotic spots {vide p. 193). 
The cornea becomes dull and insensitive ; the haze increases 
and yellow infiltrates form. Finally the whole cornea necroses 
and may seem to melt away within a few hours. A charac¬ 
teristic feature is the absence of inflammatory reaction. In 
the rare cases in which the children are old enough to exhibit 
this symptom the disease commences with night blindness; 
they are able to see much better in the daytime than in the* 
dusk. The children are usually extremely ill and very fre¬ 
quently die. Owing to their apathetic condition they do not 
close the lids, so that the cornea is continually exposed. Both 
eyes usually become affected. Streptococci have been found 
in the cornea and sometimes in the blood ; in other cases the 
pneumococcus is present. Many of the children are syphilitic. 
Experiments on animals tend to show that the disease is due 
to the absence of fat-soluble vitamin A in the diet. 

Treatment must be directed to the general health and en¬ 
vironment. Cod-liver oil should be given or rubbed into the 
skin. Halibut-liver oil, 10 to 20 drops a day, or carotene in 
oil, 40 to«60 drops a day, are efficient substitutes for cod-liver 
oil. Subcutaneous injections of large quantities of normal 
saline solution are beneficial. The lids should be kept- closed 
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under moist warm compresses. The nutrition of the cornea 
is sometimes benefited by the use of eserine. 

Atheromatous Ulcers occur in old dense leucomata, espe¬ 
cially such as have undergone degenerative changes resulting 
in the formation of hyaline fibrous tissue and calcareous 
deposits. Such scars have little vitality, and the deposits act 
as foreign bodies. They readily succumb to infection, the 
epithelium being badly nourished. When ulceration once 
begins it proceeds rapidly and deeply, with little or no effort 
at repair. Perforation takes place, and is often followed by 
’panophthalmitis. 

Treatment. The eye is frequently blind and disfiguring. 
In such cases it is well to excise it at once, thus relieving the 
patient of much unnecessary misery. If it is worth saving the 
condition must be treated on general principles. 

Keratitis e Lagophthalmo occurs in eyes insufficiently 
covered by the lids. The epithelium of the exposed cornea 
becomes desiccated and the substantia propria hazy. Owing 
to the drying the epithelium is cast off, and the cornea falls a 
prey to infective organisms. 

The condition is due to any cause which may produce lagoph- 
thalmia, e.g., extreme proptosis as in exophthalmic goitre or 
orbital tumour, paralysis of the orbicularis, and so on. The 
absence of reflex blinking is an important factor, as well as 
defective closure of the lids during sleep. Patients extremely 
ill from any disease are liable to this form of keratitis. 

Treatment consists in keeping the cornea well covered. In 
mild cases it is sufficient to bandage the eyes at night. If 
possible the cause of the exposure must be removed. In the 
meantime it may be necessary to keep the lids closed with 
plaster and a bandage, or partially to sew them together (vide 
p. 227). 

Chronic Serpiginous Ulcer ( Syn .— Rodent Ulcer , Mooren's 
Ulcer). This is a rare superficial marginal ulcer, usually occurring 
in elderly people, and spreading, if not checked, over the 
whole cornea. It is accompanied by severe pain and laery- 
mation. It commences by one or more grey infiltrates. These 
break down, forming small ulcers, which spread and sooner or 
later coalesce. The ulcer undermines the epithelium and super- 
ficijU JLamellj^ at the advancing border, forming aWhitishover- 
hafi gmg ^e age. which is very characteristic. The base becomes 
quickly vascularised. It never perforates, but goes on with 
intermissions for months, until eventually a thin nebula is formed 
over the whole cornea, and sight is much diminished. There is 
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sometimes iritis, and very rarely a small hypopyon. In about a 
quarter of the cases both corneas are affected, but not always 
simultaneously. The cause is unknown. 

Treatment. The overhanging edge should be cut off with 
scissors, and then the whole surface of the ulcer, and especially 
the margin, should be well cauterised with the actual cautery, 
or with trichloracetic acid (10—20 per cent.), and covered by a 
conjunctival flap. The tension should be kept low by repeated 
paracentesis. A few cases have responded to repeated appli¬ 
cations of absolute alcohol to the ulcers; to zinc ionization 
followed by covering with a conjunctival flap ; or to /3-rays (vide. 
p. 187). More commonly treatment fails to stop the process, 
which has even been known to recur in the cicatrised cornea. 

Neuroparalytic Keratitis occurs in some cases in which the 
fifth nerve is paralysed. It is relatively rare in nuclear and 
fascicular ‘lesions within the central nervous system, unless 
the facial nerve is simultaneously involved. Nor does it occur 
in all cases of peripheral lesion ; thus, if the Gasserian ganglion 
is removed or the fifth nerve injected with alcohol for trigeminal 
neuralgia with proper precautions only a small proportion 
of the cases get neuroparalytic keratitis. The disease has been 
known since the time of Majendie, and was attributed to 
special trophic impulses conducted by the nerve. This theory 
was combated, and the view advanced that the condition 
depends upon the loss of sensation in the eye. As a result, 
reflex blinking is more or less abolished, minute foreign 
bodies are not felt and therefore not removed, abrasions are 
unnoticed and untended, so that ulceration is readily induced 
and pathogenic organisms have free play. Neither of these 
theories satisfactorily accounts for the facts. It will be seen 
that the disease of the cornea usually has a very characteristic 
nature, quite different from the ulceration of neglected injuries. 
It is probable that the disease is due to irritative changes in or 
about the degenerating nerve, and that mere section or 
- paralysis of the nerve is unable to produce the disease in the 
absence of such irritative conditions. Some light has been 
thrown on the “ trophic ” function of sensory nerves by the 
work of Krogh, Dale, Lewis and others (vide p. 17). They have 
shown that §|$Mroinjc impulses and axon reflexes play a 
large part in the automatic control of the metabolism of the 
tissues supplied by these nerves. It is possible that excessive 
output of histamine-like substances may account for “ trophic ” 
skin and other lesions, such as neuroparalytic keratitis. On 
the other hand, the importance of reflex closure' of the lids is 
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shown by the fact that keratitis occurs in all cases of paralysis 
of both fifth nerves. When only one is affected the con¬ 
sensual reflex from the other eye affords protection. Moreover 
the disease is more likely to occur if there is proptosis or 
paralysis of the orbicularis palpebrarum. 

Besides these cases which result from radical treatment of 

»•>*'*" *- - 1 •• - 

trigeminal neuralgia, neuroparalytic keratitis is caused by 
intracranial tumours, gummatous basal meningitis, and 
fractures of the skull. (See Chap. XXTX.) 

The characteristic feature of neuroparalytic keratitis is the 
’de«quamation of the corneal epithelium. The surface of the 
cornea becomes dull, and the epithelium is thrown off. first 
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at the centre, then over the whole surface except a narrow 
rim at the periphery. The whole of the epithelium may peel 
off intact. The substantia propria then becomes cloudy and 
finally yellow, breaking down into a large ulcer, which is 
usually accompanied by hypopyon. There is no pain, owing 
to the anaesthesia, but cili&ry injection is marked. A large 
perforation occurs if the case is not speedily treated. In any 
case the resulting leucoma is generally so large as to destroy 
useful vision. Belapses are the rule, the healed scar quickly 
breaking down again, and the whole process being repeated. 

After complete removal of the Gasserian ganglion sensation 
is never regained. 

Treatment . The ordinary treatment of corneal ulcer should 
be tried as a preliminary, special care being devoted to the 
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protection of the eye with a bandage. Improvement is often 
marked, but directly the bandage is relinquished the ulcera¬ 
tion starts anew. In these cases it is best to suture the lids 
together, and to keep them sutured for a long period, only 
separating them when the conditions of the weather—warmth, 
absence of high winds, and so on—are favourable. 

No anesthetic is necessary, since sensation is lost in the 
conjunctiva and lids. The mucous membrane is dissected up 
from the margin of the lower lid just posterior to the lashes 
over rectangular areas about 6 mm. long on each side of the 
middle of the lid. The edge of the upper lid is similarly 
treated at the corresponding positions. Two mattress sutures 
are then passed through rubber sheet and the skin so that they 
come out at the posterior edge of the bare surface (Fig. 134)— 
not on the posterior surface of the lid where they would rub 
against the cornea. After being similarly carried through the 
skin of the 'other lid and rubber they are tied, the freshened 
surfaces being brought into contact. In a few days, if the 
stitches have not torn out, the lids will be firmly adherent. 

The beneficial effect of suturing the lids on neuroparalytic 
keratitis is very striking. If, as often, bandaging fails, tarsor¬ 
rhaphy will invariably succeed in stopping the process. Even 
if an hypopyon ulcer is present cicatrisation rapidly takes place 
and the hypopyon disappears. Recurrence of the keratitis, 
however, very frequently happens if the lids are separated, 
even after many months. 

In the worst cases the eye is useless, and tends to become 
a source of perpetual trouble. It is then best to excise it, 
which may be done without any anaesthetic if the ophthalmic 
branch of the trigeminal nerve is completely paralysed. 

Non-suppurative Keratitis. This occurs in two types, 
superficial and deep. The superficial forms include some 
purely symptomatic conditions, such as pannus. Some of 
them, such as herpes, may lead to the formation of ulcers 
and pass into the purulent type. The deep forms never 
suppurate. A considerable number "have been shown and 
more have been suspected to be virus infections, the com¬ 
monest of which are herpes febrilis, herpes zoster, superficial 
punctate keratitis in all its variants and disciform keratitis. 

Herpes Corneae. Herpes of the cornea occurs most com¬ 
monly in herpes febrilis, more rarely in herpes ophthalmicus. 

Hetfes Febrilis. In herpes febrilis vesicles form upon the 
cornea quite similar in nature to those which may be present, but 
are not always so, upon the lips or angle of the nose. The patients 
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are usually suffering from some febrile condition, e.g., influenza, 
pneumonia, whooping cough, &c., but it may be so trivial as to 
escape observation. It sometimes occurs after typh oid inocu¬ 
lations, The vesicles are scarcely the size of a pi^^eaTand 
are"often arranged in rows or groups. They Quickly rupture, 
forming abrasions which heal rapidly, leaving no^ opacity. . 
Usually, however, fresh crops of vesicles appear, and the con- 
dition may prove very obstinate. In severe cases, ulcers are 
formed which may be of dendritic type, or may be due to 
^secondary infection. The acute stage is accompanied by great 
irritation, lacrymation, and blepharospasm. The ocular affec¬ 
tion is usually unilateral and on the same side of the face as 
vesicles on the lips, &c. The cornea is generally not anaesthetic 
except at the spots attacked. 

Herpes corneas may be mistaken for phlyctenular keratitis. 
The former occurs usually in adults, the latter m children. 
The clear vesicles differ in appearance from the grey infiltra¬ 
tions of pliiyetenular keratitis. After the vesicles have burst, 
the shape and the total absence of vascularisation are distin¬ 
guishing features. They are then liable to be mistaken for 
traumatic abrasions, from which they are distinguished by 
their grouping, the crenated edges when several have Coalesced, 
persisting shreds of the ruptured 
vesicles, and the absence of history of 
any injury. 

The commonest form of herpes 
corneee is the Dendritic Ulcer. In"*:t 
the vesicular stage is rarely seen, the 
epithelial wall of the vesicle being 
quickly broken. Minute shallow clear 
facets, like abrasions, are found in the 
first stage. They may be easily over- Fig. 135. — Dendritic 
looked. They generally cause much ulo y* somewhat dia- 
pain, lacrymation and blepharospasm. gra niatl °* 

They may spread in all directions, coalescing with others 
and forming a large shallow ulcer with crenated edges. More 
often grey striae extend in one or more directions, increase 
in length, and send out lateral branches, which are generally 
knobbed at the ends (Fig. 135). In this manner a dendritic 
figure, not unlike a liverwort, is formed. The surface over 
the infiltrates breaks down and an extremely irritating and 
chronic type of ulcer is produced, persisting with exacerba¬ 
tions for weeks or months. Generally only one or two 
of the infiltrates stains with fluorescein at any given time, 
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but fresh spots are continually being formed. It is often 
associated with frontal neuralgia. Such an ulcer may persist 
in spite of treatment for weeks or months, sending out 
fresh branches but never extending in depth. The disease 
not infrequently recurs. 

Dendritic ulcer is really a manifestation of herpes febrilis. 
It sometimes occurs after prolonged treatment with arsenic, 
and also jn subjects of .malaria. - 

Treatment. In herpes comeee the eyes should be protected 
with aj} a adage. When the vesicles have ruptured, atropine 
and warm compresses give most relief. It is sometimes 
necessary to use pantocain when the pain is acute. Emollient 
applications, parolein or sterile vaseline are sometimes grateful. 
Prolonged ulceration must be treated according to the type 
of ulcer, whether dendritic or septic. The general health must 
be attended to; quinine, valerian, salicylic preparations, 
e.g., salicylates, aspirin, &e., are useful. 

Dendritic ulcer may be carefully cauterised with iodine (7 
per cent, iodine and 5 per cent, potassium iodide in alcoholic 
solution) on a swab, followed by instillation of pantocain, but 
pure carbolic acid is more efficacious. Absolute alcohol has 
been recommended for the purpose in these cases, but causes 
much pain after the pantocain has ceased to act. If caustics 
fail to stop the progress the actual cautery should be used. 
Atropine, &c., and a pad and bandage are used, but in many 
cases it is advisable simply to use smoked glasses and get the 
patient out in the fresh air as much as possible. Sometimes 
for no known reason eserine is successful when atropine has 
failed to produce a good result. The general health must not 
be neglected, especially as the patient often becomes very 
depressed. 

Ultra violet light treatment has proved efficacious in some 
cases; 'the reaction is increased by previous instillation of 1 
per cent, fluorescein. 

Good results have been obtained by the administration of 
vitamip C (ascorbic acid). It should be given intravenously 
on alternate days from “ Roche ” ampoules containing 500 
milligrams. Generally 4 to 6 injections suffice, but should be 
followed by 2 tablets of 250 milligrams by the mouth three 
times a day. 

ELgr yes ZqsVer. In herpes zoster ophthalmicus one or 
more" or tEeDranches of the ophthalmic division of the 
fifth nerve (Fig. 136) is marked out by rows of vesicles 
or the scars left by them,, exactly as in herpes zoster in 
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other parts of the body. The supra-orbital, supra- and 
infra^rochlear branches are nearly,' always involved; 



Flo. 136. Distribution of the branches of the ophthalmic division of 

the fifth nerve on the face. 



frequently the nasal branch ; only rarely the infra-orbital 
branch. It is very rarely bilateral. There may be fever and 
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malaise at the onset, and the eruption is preceded by severe 
neuralgic pains along the course of the nerves. These are so 
characteristic that they should arouse suspicion of the nature 
of the disease before the vesicles appear. The pain sometimes 
ceases after the outbreak of the eruption, but not always, and 
it may continue for weeks or months. The skin of the lids 
and other areas affected becomes very red and cedematous, so 
that the disease is often mistaken for erysipelas. The charac¬ 
teristic distribution and especially the strict limitation to one 
side of the middle line of the head should obviate this error. 
The vesicles often suppurate, bleed and cause small, permanent' 
pitted scars. The active eruptive stage lasts about three weeks 
and is followed by some anaesthesia of the skin. Ocular 
complications arise during the subsidence of the eruption, but 
may be overlooked during the acute stage owing to the difficulty 
• in examining the eye. 

With the slit-lamp rounded spots, composed of minute white 
dots, which , fuse into irregular areas, are seen. Vesicles are 
rare, but when they occur are exactly like those of the febrile 
form, and behave in the same manner. More commonly 
there is a diffuse deep infiltration of the cornea (keratitis 
profunda ), associated with iridocyclitis (q-v.). The cornea 
i£ usually insensitive. This is tested by touching it with 
a wisp of cotton wool, and comparing with the opposite 
eye. The slightest touch is followed by reflex closure of the 
lids if the cornea is sensitive. The intraocular tension is not 
infrequently somewhat diminished in the early stage. The 
eye lesions are very obdurate and often persist long after the 
disease has otherwise passed away. In some cases there is 
associated paralysis of motor cranial nerves, especially th6 
third, sixth ana seventh. It usually passes off within six 
week s. Facial palsy adds seriously to the risk of the eye 
owing to exposure. 

Apart from permanent scarr ing of the cornea and the evil 
effects of iridocyclitis, anaesthesia of the cornea may persist 
for months. Nodules of scleritis may occur about two months 
after the disappearance of the rash (Doggart), and patches of 
atrophy in the iris are common. Quite acute pain, with 
impairment of sensitivity, may persist in the affected skin for 
months or even years. 

Herpes ophthalmicus occurs at any age, but generally in 
elderly people. Not infrequently there is a history of contact 
with patients suffering from chicken-pox, and evidence is 
accumulating that the relationship is more than a mere coin- 
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cidence. It may account for the fact that herpes zoster is apt 
to oocur in epidemics, which are more common in the spring 
and autumn than at other times. 

The disease is due to lesions in the Gasserian ganglion of the 
same type as those found in the posterior root ganglia in herpes 
zoster, i.e.y microscopic thromboses and^hsemorrhages similar 
to those found in the anterior cornual nuclei in anterior polio¬ 
myelitis. This disease shows many analogies on the motor 
side to herpes zoster and there is some evidence that posterior 
poliomyelitis is associated with the posterior root lesions of 
herpes (Lhermitte). Probably both are caused by infection, 
the lesions being due to a virus. Herpes ophthalmicus has been: 
known to follow involvement of the Gasserian ganglion in a 
malignant growth, gummatous meningitis, or arsenic poisoning 
e.g., with salvarsan. The cases associated with motor palsies; 
usually the 3rd nerve, and rare cases with optic altrophy, are 
also probably cases of symptomatic herpes and not due to the 
herpes zoster virus. In all cases the skin lesion is probably due to 
antidromic impulses liberating histamine-like bodies, and the 
Bpread of the vaso-dilatation may well be due to axon- 
reflexes. 


Treatment. The eye should be carefully examined in every 
case of herpes ophthalmicus, the lids being separated by 
retractors if necessary. Oily drops or parolein and atropine 
should be instilled. Keratitis and iridocyclitis must be treated 
in the usual manner. The skin may be treated with cocaine 
ointment (1 per cent.) and dusted with starch powder. Quinine 
is generally given internally and aspirin to relieve the pain. 
If the pain is severe it may be relieved by intramuscular 
injection of pituitrin. The patient should be kept in bed 
during the acute stage. 


K cial Punctate Keratitis is an uncommon condition 
Berpes febrilis, and, like it, usually associated with 


influenza or catarrh of the respiratory tract; but no vesicles 
are formed. It commences as an acute conjunctivitis. At 
this stage, or after it has passed off, groups or rows of super¬ 
ficial, slightly raised, grey dots are seen scattered over the 


cornea, least at the periphery. They may or may not stain 
faintly with fluorescein^ They may remain unchanged for 


months, but gradually disappear : some cases, however, pass 
on to disciform keratitis (q.v.). The disease affects one or 
rarely both eyes usually in young people, and is accompanied 
by irritation and lacrymation in the early stages, with some 
defect of vision in the later. Unlike recurrent erosion of the 
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cornea (q.v.), which may occur in similar circumstances without 
known trauma, it does not recur. 

Corneal lesions of this type, caused almost certainly by a virus 
or different but related viruses, have the habit of recurring 
in mild or severe epidemics. The disease may run a protracted 
course, and it is only recently that the relation between the 
various outbreaks separated in time and space have been recog¬ 
nised. Epidemics have been common in India but rare in 
Britain; the most recent (epidemic keratoconjunctivitis ), con¬ 
spicuously associated with parotid adenopathy, had a widespread 
distribution between 1938 and 1944 in the United States anti 
the Far East. In this epidemic various strains of virus have 
been isolated and cultured. 

Treatment, apart from bland lotions and atropine, has so far 
been ineffective. 

Keratitis disciformis, originally considered a milder inflamma¬ 
tion of the same type as hypopyon ulcer, since it is occasionally 
accompanied by a small hypopyon, is probably, in most cases, 
the result of the extension of a virus infection into the substance 
of the cornea. It has long been known to result from vaccinia 
affecting the lid margins, or from herpes cornece, and not 
infrequently develops from a superficial punctate or macular 
keratitis. It is characterised by a central grey disc lying 
in the middle layers of the substantia propria. The disc is 
sharply defined and often shows several concentric grey lines, 
rather like a target. In the centre there is usually a denser 
“ bull’s eye.” The slit-lamp shows thickening of the cornea 
(Vogt), - and often folds of Descemet’s membrane. This form of 
keratitis is not common : it occurs generally in adults and it, 
unilateral. It is accompanied by moderate irritation, which, 
however, persists for several weeks or months, leaving a per¬ 
manent opacity. Owing to the central situation vision is con¬ 
siderably impaired. There is no ulceration, but the inflammation 
is probably caused by ectogenous infection through a defect in 
the epithelium. It is little amenable to treatment. 

In acne rosacea, generally in elderly women, keratitis associated 
with much irritability and lacrymation may occur. In addition 
to slight muco-purulent conjunctivitis ( vide p. 149), greyish white 
infiltrates and small ulcers appear in the cornea. They are fery 
intractable and frequentlv recur. In severe cases there is also iritis. 
It is not due to ariboflavinosis ( v . p. 249). 

The local treatment should be similar to that for phlyctenular 
keratitis, and calomel insufflation gives good results; mild 
application (one-third of an erythema dose) of X-rays has been 
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found beneficial (Greeves); the essential treatment, however, is 
that of the skin condition, combined with suitable diet. 


Interstitial Keratitis (Syn.—Parenchymatous Keratitis) is a 
deep keratitis usually affecting children between the ages of 
five and fifteen, the subjects of congenital syphilis. It is 
commoner in girls than boys. 4 

After slight irritative symptoms, with some ciliary con¬ 
gestion, one or more hazy patches appear in the cornea, near 
the margin or towards the centre (Plate VII., Fig. 1). If they 
sare near the margin they push forwards towards the centre ; 
if at the centre, others appear and fuse, until finally the whole 
cornea looks lustreless and dull. Minute examination shows 
that the patches are in the deep layers and are made up of 
denser spots and fine streaks. In two to four weeks the whole 
cornea is hazy with a steamy surface, giving a general appear¬ 
ance like that of ground glass. Denser spots can always be 
seen in the general mist. In the severest cases the whole 
cornea becomes quite opaque, so that the iris is hidden ; as a 
rule the iris can be seen dimly. 

Meanwhile vascularisation has occurred. It is of deep type. 
{vide Fig. 73, p. 01), consisting of radial bundles of brush-like 
vessels. The larger marginal plaques may be very vascular ; 
as they are covered by a layer of hazy cornea, their bright 
scarlet is toned down to a dull reddish pink (“ sa|moq 
patches ”). The separate vessels can only be seen by magni¬ 
fication. The small salmon patches are often crescentic; 
when larger they are sector-shaped. The opacity extends a 
little beyond the vessels, which seem to push the opacity in 
' front of them. In the acme of the condition the vessels run in 


radial bundles almost, but seldom quite, to the centre of the 
cornea. Vascularisation is probably brought about for the 
supply of protective substances which cannot reach the cornea 
by the normal process of diffusion. There is often a moderate 
degree- of superficial vascularisation, greater in some cases 
than in others, but never extending far over the cornea. The 
conjunctiva may be heaped up like an epaulette at the limbus, 
so that some slight resemblance to phlyctenular keratitis may 


be seen. Indeed, it is probable that these patients are bpth 
syphilitic and tuberculous. This florid stage usually lasts 
for two to four months. 



After the disease has reached its height it commences very 
slowly to subside. The cornea clears from the margin towards 
the centre, which may long remain hazy, though it too finally 



240 DISEASES OF THE EYE 

chronic synovitis of the joints, especially the knee joints, may 
be present. 

Evidence of acquired syphilis may be sought in the parents, 
e.g history of miscarriages, &c. In cases of doubt, the 
Wassermann test should be applied. 

As already mentioned, interstitial keratitis also occurs in 
acquired syphilis, and it has been attributed to malaria, 
myxcedema, trypanosomiasis, &c. It frequently occurs in 
foxhounds and other highly-bred dogs, and I have seen it in 
dogs after the thyroid gland has been removed. 

Treatment. It is usual to order antisyphilitic remedies, butf 
as in parasyphilitic diseases of the central nervous system, 
it is doubtful if they have any influence over the course of the 
disease, partly because the cornea is non-vascular. Mercury 
inunctions, or powders or pills of mercury combined with 
J chalk and ipecacuanha or perchloride of mercury may be 
given. Iodide is best administered to children in the form of 
syrup of Iodide of iron, and may be combined with syrup of 
' phosphates as a tonic. Salvarsan and its substitutes have proved 
disappointing. The administration of thyroid gland has proved 
^serviceable in some cases. Cpd-liver oil or maltine may be 
used when there is a tuberculous element about the condition, 
and in all cases general hygienic regime must be instituted. 

Local treatment consists in guarding against the evil effect 
of the uveitis which is an invariable accompaniment of the 
t disease. Atropine is ordered as a routine measure, with the 
double purpose of keeping the ciliary body and iris at rest 
and preventing the formation of posterior synechise. There 
is often great difficulty in getting the pupil to dilate, probably 
owing to defective penetration of the drug through the diseased * 
and vascularised cornea. Hot bathings or radiant heat should 
be used frequently in the acute stage. In obstinate cases 
with much lacrymation and blepharospasm, especially if the 
pupils will not dilate with atropine, leeches applied to the 
temple do good (vide p. 269); or mydricain (vide p. 694) may 
be tried. Smoked glasses are ordered. 

In some cases pain and blepharospasm are so severe that 
no relief is obtained by the usual measures. The retro- 
ocular injection of 1’5 c.c. of novocain (4 per cent.) into 
the region of the ciliary ganglion, followed seven minutes 
later b£ *JL.c.c. of alcohol (40 per cent.) is effective. The 
pain and blepharospasm are relieved, vascular congestion 
much reduced, and the child is able to tolerate light. Jn some 
cases symptoms recur after two weeks, and a testimony as to 
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the efficacy of the treatment is that the child may ask for 
another injection. No ill effects have hitherto occurred. 

In later stages the means used for clearing corneal cicatrices 
{vide p. 207), depending essentially upon improving the lymph 
flow through the cornea, are also indicated for the opacities 
of interstitial keratitis. Prolonged use of yellow oxide of 
mercury ointment, combined with atropine in the earlier stages, 
is commonly made : it should be well massaged into the eye. 

Other forms of deep keratitis, e.g., the central deep kera¬ 
titis of adults, senile marginal deep keratitis, sclerosing 
keratitis (vide p. 253) occur. 

Keratitis profunda is the name given to a central deep infiltra¬ 
tion of the cornea of indefinite origin. Such a condition occurs 



Fio. 145.—Arcua senilis. 


after contusion of the eye, and in this case usually clears up 
rapidly. In other cases a deep grey opacity, seen on magnifica¬ 
tion with the loupe to be composed of dots and striae, occurs in 
the centre of the cornea in adults. There is little irritation, and 
very little, if any, vascularisation. It begins to dear up after four to 
eight weeks, but may leave permanent diffuse opacities. It has 
been attributed to cold, malaria, and other causes. It should be 
treated with the same local remedies as for interstitial keratitis. 

Keratitis marginalia profunda occurs rarely in old people, com¬ 
mencing as a greyish yellow infiltration, one or two millimetres 
broad, continuous with the sclera. It is usually limited to the 
upper part of the cornea, but occasionally forms a complete ring. 
The slight irritation subsides in a week or two, leaving a permanent 
opacity, resembling arcus senilis, but unlike it, continuous with the 
sclerotic. 
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Degenerative Changes in the Cornea 

Arcus senilis is a lipoid degeneration of the cornea met with 
in old people (Fig. 145). It commences as a crescentic grey 
line concentric with the upper and lower margin of the cornea. 
The extremities of the crescents finally meet, and an opaque 
line, thicker above and below, is formed completely round the 
cornea. It is characterised by being separated from the 
margin by a narrow lipe of comparatively clear cornea. It 
is sharply defined on the peripheral side, fading ofE on the 
central. It is never more than about 1 mm. broad, and 
is of no importance, either from the point of view of* 
vision or of the vitality of the cornea. 

Arcus juvenilis is exactly similar to arcus senilis, but is a rare 
condition found in children. Even arcus senilis may develop at a 
comparatively/early age, but the juvenile condition is probably con¬ 
genital. It is of no importance. The characteristic diagnostic 
feature of both these opacities is the presence of a line of clear 
cornea between them and the limbus. This is occasionally found 

in old sclerosing keratitis, but 
in this case the opacity is 
usually localised to some one 
part of the cornea and extends 
farther towards the centre. 

Band-shaped Opacity [Syn. 
—Transverse Calcareous Film, 
Zonular Opacity ). This is a 
common condition in old, 
blind, shrunken eyes. It is 
due to defective nutrition 
and exposure. It lies entirely • 
in the interpalpebral area, 
commencing at the inner and 
outer sides, and progressing until it forms a continuous band 
across the cornea (Fig. 146). Near the corneal loops, just 
inside the limbus, the cornea is generally relatively clear, as in 
so many degenerative conditions—probably owing to the better 
nutrition close to the blood-vessels. The condition is due to 
hyaline degeneration of the superficial parts of the substantia 
propria, followed by the deposition of calcareous salts. 

As a rare condition it is found in otherwise healthy eyes, 
sometimes as a horizontally oval area in the palpebral fissure, 
usually In both eyes. 

Treatment. In the rare form last mentioned, improvement of 
vision may be obtained by scraping off the opacity, which is 
usually calcareous and quite superficial. In the common form 



Fig. 146.—Band-shaped opacity of the 
cornea, from an eye with iridocyclitis. 
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the eye is blind, and nothing remains but to remove it if it is 
painful or unsightly. 

Other Degenerative Changes are frequently met with in 
old leucomata, anterior staphylomata, and so on. They 
consist of hyaline degeneration, calcification, &c. Such scars 
are liable to a seriops form of ulceration (vide p. 225). 

Rare degenerati Reconditions are nodular and reticular (grill or 
lattice-like) opacities. They occur as a familial disease, usually 
picking out the young males of a family and commencing at about 
the age of ten or twelve. Opaque dots or forked lines appear 
binder the epithelium in the centre of the cornea and slowly 
increase in number, but never invade the ring of cornea close to 
the margin. There is little inflammatory reaction and the cause 
is unknown. Vision is gradually 
obscured and treatment is of little 
avail. I have seen grey mosslike 
opacities, apparently of similar 
nature, with the same distribution 
in the corneas of elderly people. 

Examination with the slit-lamp 
shows that some of these cases 
have thickened corneal nerves and 
nodula? swellings of the nerve- 
endings. Others show folds or 
ruptures of Bowman's membrane. 

Senile marginal atrophy , in which 
a gutter forms very slowly in the 
periphery of the cornea in the situation of an arcus senilis, occurs 
rarely in one or both eves of old people. The gutter may become 
ectatic (Fig. 147). 

Ectatic Conditions 

It has already been stated that ectatic conditions of the 
cornea may result from inflammation, viz., keratectasia (vide 
p. 201), and anterior staphyloma (vide p. 203). Two forms of 
ectasia of non-inflammatory origin are known, viz., kerato- 
couus and keratoglobus. 

Anterior Staphyloma is a protuberant cicatrix arising 
from a prolapse of the iris,; it may be partial or total 
(p. 203). It may follow a perforating wound, but is usually 
due to perforation of an ulcer, especially such as is caused by 
ophthalmia neonatorum. The primary protrusion occurs at 
the moment of prolapse. Cicatrisation follows, and in the 
case of small prolapse may lead to flattening of the scar. In 
other cases of small, and in all cases of large, prolapse the con- 



Fkj. 147.—Senile marginal 
atrophy (Koby). 
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traction of the scar tissue is insufficient to bring this about, 
and the soft cicatrix yields to the normal intraocular pressure. 
Generally the prolapse of the iris leads to blocking of the 
afigle Of the anterior chamber, the intraocular tension rises, 
and the cicatrix yields still more, or if it was previously flat, 
secondary protrusion takes place. 

Partial staphylomata are usually conical, rarely hemi¬ 
spherical ; they usually extend to the margin on one side. 
Total staphylomata are usually hemispherical, rarely conical. 
There is invariably a rim of cornea around the pseudo-cornea, 
this rim being well nourished by the peripheral blood vessels* 
and never necrosing through ulceration. The thickness of the 
staphyloma varies very greatly in different cases, and often in 
different parts of the same staphyloma. In the latter case 
bands of cicatricial tissue develop, while the intermediate parts 
project; in this manner a racemose staphyloma is produced. 
Owing to the rise of intraocular tension the whole eyeball 
expands, especially in children, in whom the walls are relatively 
plastic. If the lens has not been expelled when the ulcer 
perforated, as sometimes happens, it is flattened, the expansion 
of the ciliary ring causing stretching of the suspensory liga¬ 
ment. Owing to contact of the lens with the inflamed cornea 
after perforation the anterior capsular cells of the lens often 
proliferate and form an anterior capsular cataract ( q.v .). The 
high intraocular pressure also causes cupping of the optic disc. 

The pseudo-corpea is formed by organisation of the exudates 
on the surface of the prolapsed iris. It consists of fibrous 
tissue covered by epithelium, and lined by rarefied iris pigment 
epj^elium. The epithelium on the anterior surface is often 
very thick and epidermoid ; the fibrous tissue often undergoes ' 
degeneration. The anterior chamber is obliterated in total 
staphyloma, while the posterior chamber is enormously 
enlarged, and filled with yellow albuminous fluid. 

The sight is always diminished, and in total staphyloma is 
reduced to perception of light or total blindness. The eye 
may project between the lids, so that a xerotic condition is 
set up and atheromatous ulcers may form. Ectropion of the 
lids may occur mechanically. The tension is raised, either 
as the cause of the protrusion, or as a result of the blockage 
of the angle of the anterior chamber (Chap. XIV.). This may 
lead to«pain. The staphyloma may be so tbin that rupture 
occurs on the least injury, and may be several times repeated. 

Treatment, Total anterior staphyloma is best treated by 
excision of the eye, with or without the insertion of a glass 
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globe in Tenon’s capsule. Patients will often prefer to keep 
the eye if it is painless and not too disfiguring. 

Various methods of ablation, in which the anterior part of 
the eye is removed and the contents scooped out, have been 
devised as an alternative for excision. They give a movable 
stump on which to set an artificial eye, but they are open to 
the objection that they are not entirely free from the danger 
of causing sympathetic ophthalmia (q.v.). 

Treatment of partial staphyloma is directed to obtaining 
flattening of the cicatrix, preventing or relieving increased 
•intraocular tension, and improving sight. The attempts which 
should be made at the early stage have already been described 
(vide p. 214). Iridectomy is sometimes advisable with a view 
to improving vision and preventing or curing glaucoma (q.v.). 
It cannot be performed at the site of the staphyloma, since 
there is no anterior chamber here, but must be done at the 
clearest part of the cornea. 

Keratectasia differs from anterior staphyloma in that the 
iris takes no part in it. Its causation and prevention have 
already been discussed (vide p. 201). Sometimes the whole 
cornea expands, producing a condition which is almost iden¬ 
tical with the keratoglobus (vide p. 246) of infantile glaucoma, 
though due to a different cause. When it is fully developed 
treatment is useless. 

Keratoconus (Syn.—Conical Cornea) is probably due to a con¬ 
genital weakness of the cornea, though often it only manifests 
itself after puberty, generally in girls. The cornea is thin and 
weak near the centre, and gradually bulges forwards more and 
b more ; the apex is always slightly below the centre. Sometimes 
*it pulsates synchronously with the arterial pulse, and this may 
cause a subjective apparent pulsation of the objects looked at. 
The pulsation may be demonstrated with Schiotz’ tonometer. 
The cornea is at first perfectly transparent, and vision is 
impaired through the protrusion and alteration in curvature. 
If advanced the conical shape is easily recognised in profile. 
In the less advanced cases distortion and diminution in the 
size of the corneal reflex over the centre is the chief guide. 
These changes are best seen when the reflex from a large flat 
disc painted with broad concentric black and white lines 
(Placido’s disc or keratoscope) is observed through a hole in 
the centre of the disc, or when the cornea is examined with the 
ophthalmometer. With the ophthalmoscope mirror at a dis¬ 
tance of 1 metre a ring of shadow concentric with the margin is 
seen on the red reflex, altering its position on moving the mirror. 
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It is due to a zone through which few rays pass into the 
observer’s eye owing to the emergent rays on the central side 
being convergent whilst those on the peripheral side are 
divergent. 

The patient becomes myopic, but the error of refraction 
cannot be satisfactorily corrected with ordinary glasses owing 
to the hyper bolic nature of the curvature. The condition is 
almost invariably bilateral, though frequently more advanced 
on one side than the other. It may be slight and very slowly 
progressive, or the reverse. In the later stages the apex 
shows fine more or less parallel striae, anastomosing at acutfc 
angles* best seen with the slit-lamp; and also discrete 
opacities which become confluent. A brownish ring, probably 
due to hsemosiderin, may form in the epithelium encircling the 
cone (Fleischer’s ring). Sometimes there are ruptures in 
Descejnet’s Vnembrane. Ulceration, rupture of the cornea, 
increase of tension, and so on, do not occur. 

Treatment. In the early stages every effort should be made 
to improve vision with glasses and the progress should be 
carefully watched. In those cases in which they could be borne 
contact glasses {vide p. 538) have been very beneficial. Various 
methods have been adopted to stop the process. Miotics are 
probably useless. The best treatment is cauterisation pf (die 
apex with the actual cautery. The cauterisation at the extreme 
apex must be deep, and perforation here has been advocated. 
The latter procedure is not without danger to the eye from the 
formation of a corneal fistula, anterior synechia, infection, &c. 
The scarring from cauterisation is much less than might be 
anticipated, but it may be advisable to do an optical iridectomy 
if vision is still very bad. 

Keratoglobus ( Syn. — Meyalocornea) is a hemispherical pro¬ 
trusion of the whole cornea, occurring bilaterally in males: 
it is familial and hereditary. It differs from buphthalmia 
(q.v.) in that the intraocular pressure is normal, the cornea 
clear, the angle of the anterior chamber normal, and there is 
no cupping of the disc. It appears to be a congenital over¬ 
growth, and is not infrequently associated with arachno- 
dactyly. 

Symptomatic Conditions 

There are many pathological conditions of the cornea which 
are merely evidence of disease in other parts of the eye or 
of extension of disease. Some are often described as true 
diseases of the cornea, notably as forms of “ keratitis.” This 
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involves a wrong principle and a misuse of terms which can 
only lead to confusion. Since it is of great importance to 
distinguish these conditions from primary affections of the 
cornea, both from the points of view of diagnosis and treat¬ 
ment, it will be well to review the more common here. 

In glaucoma there is nearly always uniform diffuse ^lyush 
haze of the whole cornea. It is due to alterations in the refrac¬ 
tive conditions of the corneal elements, brought about by the 
increased intraocular pressure, and not to any gross patholo¬ 
gical change. If the condition persists the cornea becomes 
hazy throughout, and this haziness, unlike the former, does 



Fkj. 148 —(Edema of the cornea and vesicular “ keratitis,” from a 
glaucomatous eye ( x CO). 


not immediately disappear when the intraocular tension is 
relieved. Here there is definite oedema, due to the impedi¬ 
ment which prolonged tension causes to the diffusion of 
lymph. It manifests itself first in the epithelium, which 
becomes steamy and stippled. Sections show that this is due 
to accumulation of fluid in and between the cells, especially the 
basal cells (Fig. 118). Fluid also accumulates between the 
laniellse and around the nerve fibres. If the oedema lasts for 
a very long period, as in eyes blinded with absolute glaucoma, 
the epithelium may be raised into vesicles or bullse (vesicular 
or bullous “ keratitis ”). The evidence of prolonged tension 
makes it easy as a rule to distinguish this condition from 
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herpetic vesicular keratitis; moreover the vesicles or bullae 
have firmer epithelial walls and show less tendency to 
burst. 

Nearly allied to bullous “ keratitis ” is the formation of 
epithelial threads, which adhere to the cornea by one end, 
while the other, which is often club-shaped, hangs down free. 
This is commonly called filamentary “ keratitis.” It occurs in 
the same conditions, i.e. } usually associated with glaucoma, 
but it may be seen rarely without any apparent cause in cases 
of the herpetic type. 

Keratic precipitates, usually badly termed “ keratitis punc- * 
tata ” or “ k.p.” in England, are often deposited upon the 
back of the cornea in cyclitis and iridocyclitis. The greatest 
care must be taken not to overlook them, since they may 
be almost the only objective sign of serious disease. They 
may be on tile back of a clear cornea or the deeper layers 
may be infiltrated as a result of the iridocyclitis ; thus, they 
are not uncommon in interstitial keratitis. Their appearance 
and nature will be described in discussing their cause 
(vide p. 273). 

Opacities of the cornea are often secondary or symptomatic. 
Such are the grey or white, usually tongue-shaped marginal 
opacities which follow scleritis. Owing to their resemblance 
to the sclerotic they are called sclerosing “ keratitis ” ivide 
p. 253). ' 


Congenital opacities of various kinds are sometimes met with. 
Many are not truly congenital, but are due to injury received 

at birth. Birth injury of the cornea takes 
the form of temporary diffuse opacity due to 
oedema, or of permanent vertical grey linear 
opacities due to ruptures of Descemet's mem¬ 
brane. 

Striate opacity occurs in various forms. 
The commonest form is that seen after 
operations upon the globe in which a peri- 

’''opacity rf the oor- P heral comeal s . ection has been made . “ “ 

nea, following sec- c$fc&y&ct extraction. Here, when the section 
tion of the cornea is above, delicate grey lines run down verti- 
call /, £rom wound and may pass com- 
pletely across the cornea (Fig. 149). They 
can be seen clearly only by magnification. 
They disappear spontaneously as the wound heals. They are 
due to slight folding of the cornea, whereby Descemet’s 
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membrane and the adjacent lamellae become wrinkled. Radial 
striae are seen around wounds or ulcers; they are partly 
referable to the same cause, partly to distension of the 
interlamellar spaces by oedema. The fine hatching which is 
seen around ulcers and sometimes after tight bandaging is to 
be referred to similar causes. 

Opacities of the cornea may be due to improper treatment. 
One of the commonest is due to deposits of lead salts upon an 
abrasion or ulcer. An insoluble, densely opaque white film is 
precipitated and adheres very firmly. The spot is sharply 
defined and looks like white paint. Probably the deposit is 
always thrown off eventually, but a very long time may elapse. 
An attempt should be made to scrape it off, but it is wisest 
never to use lead lotions at all in the treatment of any affec¬ 
tion^ of the eye. They can always be replaced by equally 
efficient substitutes. 

White Ring Opacities (Coats). Occasionally a ring or oval, 
about 0*5 mm. in diameter, composed of very dense white spots, 
occur on Bowman’s membrane. The cause is unknown, they do 
not interfere with vision. 

Figm^j^aXion of the cornea may also occur from improper 
treatment. Prolonged use of silver nitrate as a paint or in 
the form of drops is followed by dark brown staining of the 
conjunctiva and slight staining of the cornea. The condition 
is called argyrosis (vide p. 193), and in the conjunctiva is found 
to be due to impregnation of the elastic fibres with metallic 
silver ; in the cornea Descemet’s membrane is stained. It is 
^permanent; hence silver solutions, including protargol, 
argyrol, &c., should never be ordered as drops or for use at 
home, at any rate without stringent injunctions. 

Blood in the cornea is rare. It may occur as a bright red spot 
quite superficially at the margin or as a greenish or rusty stain 
over the whole surface. In the latter case it is derived from blood 
in the anterior chamber, associated with high tension—a relatively 
infrequent combination (vide p. 438). 

Aribojlavinosis, Deficiency of riboflavin (vitamin B 2 or G) in 
the diet leads to peripheral corneal vascularization, due to pro¬ 
liferation of capillaries from the normal sclero-eorneal loops, and 
photophobia. The vessels are best seen with the slit-lamp [v. 
p. 98), but their diagnostic importance has been exaggerated. 
Ariboflavinosis should not be diagnosed in the absence of other 
signs of deficiency. In the fully developed condition the lips are 
purplish and cracked at the angles (cheil os is ); the tongue is 
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inflamed ( glossitis ) and fissured, with enlarged papilleo. There is 
seborrhoea of the naso-labial folds, eyelids and ears ; and follicular 
keratosis of the forehead, malar eminences, and chin. Food rich 
in vitamin B 2 should be given (vide p. 698). 

Tumours of the cornea, so-called, are probably always secondary 
extensions, most commonly from the conjunctiva, the limbus 
being a favourite situation for these growths {vide p. 194). 



CHAPTER XII 
Diseases of the Sclerotic 

Redness of the white of the eye is caused by a variety of 
conditions. The commonest is conjunctivitis; the next 
common some inflammation of the anterior part of the nveal 
tract, viz., the iris and ciliary body. Some of the distinctive 
characteristics of the redness in conjunctival and ciliary 
inflammation have already been pointed out {vide p. 83 ). 
Redness of the white of the eye may also be caused by inflam¬ 
mation of the sclerotic, and it is a frequent error among 
beginners to ascribe the other forms to this disease. It must 
therefore be borne in mind that episcleritis and scleritis are 
relatively uncommon. 

Inflammation of the Sclerotic 

Two forms of inflammation of the sclerotic are described, 
superficial or episcleritis, and deep or scleritis. They might 
equally well be considered mild and severe forms of the same 
disease, but the distinction is convenient clinically since they 
usually differ in the course they take. 

Episcleritis is an inflammatory affection of the deep sub¬ 
conjunctival connective tissues, including the superficial 
scleral lomellap. A circumscribed nodule, which may be as 
large as a lentil, appears usually two or three millimetres 
from the limbus (Plate VII.. Fig. 2). It is hftcd, immovable, 
and ,very tender, the conjunctiva moving freely over it. It is 
traversed by the deeper episcleral vessels, and therefore looks 
purple, not bright red. It is extremely chronic, never ulcer¬ 
ates, and may be entirely absorbed, but more frequently leaves 
a slate-coloured scar behind, to which the conjunctiva is 
adherent. The cornea and uveal tract rarely participate in 
the inflammation. 

There may be little or no pain, but usually there is a feeling 
of discomfort and tenderness on pressure, and severe “ neu¬ 
ralgia ” is often complained of. The nodule becomes gradually 
absorbed in the course of days, or, more frequently, weeks, 
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but during the process of absorption, or soon after, fresh 
nodules of the same type arise. In this manner the disease 
may drag on for months. Both eyes are frequently affected. 
In the worst cases the disease extends into the deeper parts 
of the sclerotic, and thus passes almost imperceptibly into 
scleritis. 

Anatomically dense lymphocytic infiltration of the subcon¬ 
junctival and episcleral tissues is found. 

Bheum§|is?n end gout were commonly indicated as the chief 
causes of episcleritis, but it is now generally regarded as an 
allergic reaction to an endogenous toxin (tuberculous,' 
streptococcal," etc.). A history of acute rheumatism is 
rarely obtained ; more commonly there has been well-marked 
“ muscular rheumatism,” which is to be ascribed to septic 
absorption (vide p. 274). Tuberculous or syphilitic patients 
seem predisposed, and almost invariably there is some cause 
of general debility. It is commonest in women. 

Transient but frequently repeated attacks of episcleritis 
sometimes occur, generally in gouty people (episcleritis 
periodica fugax). 

Treatment. Qeneral treatment is of more avail than local, 
and should be directed in the first place to the elimination of 
focal infection and the desensitisation of the patient (e.g., by 
tuberculin, a streptococcal vaccine, etc.). Even in cases 
in which no history of rheumatism can be elicited, salicylic 
)preparations—s al icylates, salicin, aspirin—seem to do good, 
and should be tried. If they fail resort should be had to 
h iodides. 

The most useful loc? l treatment is massage by the finger 
applied to the upper licL A simple boric ointment may be 
used or a weak yellow oxide of mercury ointment, but strong 
stimulants can rarely be borne. In the more severe cases 
warm compresses, dionin, and leeches to the temple should be 
employed. Every effort must be made to build up the 
constitution, and success often depends upon these measures. 

Scleritis is rarer than episcleritis. There are usually nodules, 
or a single nodule, but the area affected is much less circum¬ 
scribed. The swelling is at first dark red,.or bluish, later it 
becomes pa]e purple and semitransparent, like porcelain. It 
may extend entirely round the cornea, forming a very serious 
condition known as q$nufor scleritis. Scleritis differs .from 
episcleritis in that the cornea and uveal tract are involved, 
iritis, but more cyclitis and anterior cEofoiditis being 
There is no ulceration, bur much absorption, so 
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that the sclerotic is thinned, a dark purple cicatrix being 
formed, which is often too weak to withstand the intraocular 
pressure, so that ectasia follows ( g Mary staphyl oma). In many 
cases of diffuse deep scleritis hard wErtishi nodules develop 
in the inflamed zone. They are the size of a pinjsjiead and 
lie beneath the conjunctiva, all at about the saJie* distance 
from the corneal margin; they disappear without disinte¬ 
grating. 

Anatomically scleritis is the same as episcleritis, but extends 
deeper; there is dense lymphocytic infiltration of the sclera, 
•the lamellae being separated by cords of cells. 

Both eyes are usually affected. Young adults are the most 
common subjects (cf. Episcleritis), and women more often 
than men. The causes are obscure, but of the same type as 
in episcleritis. It is often associated with disturbance of 
menstruation. 

Scleritis is most serious on account of its sequelae and com¬ 
plications. Uveitis of some kind is 
probably an invariable accompani¬ 
ment. It is uncertain whether it 
may be a result or a cause of the 
scleritis; most probably it is 
neither, but both are due to a 
common cause. This cause is prob¬ 
ably the absorption of toxins from 
some septic focus. It is often diffi¬ 
cult or impossible to find the focus, 
but special attention should be 
directed to the nasal sinuses and 
1 generative organs, the latter especially in women. In other 
cases the alimentary canal is probably at fault, and many of 
the drugs which have been found beneficial probably act 
chiefly by disinfecting the intestinal tract. In some cases 
the disease is undoubtedly tuberculous and in others syphi¬ 
litic. Stock JaaB produced scleritis, sclerosing keratitis and 
lesions in the uveal tract by the intravenous injection of 
tubercle bacilli in rabbits. There is little doubt that tubercle 
plays a larger part in disease of these structures in man than 
has hitherto been recognised. Ciliary staphyloma leads to 
distortion of the globe, and vision is impaired by it and by 
the many deleterious effects of the uveitis. Secondary 
glaucoma often follows. 

Apart from these complications scleritis nearly always 
extends to the cornea, causing scle rosing k eratitis (Fig. 150). 



Fig. ICO.— 
Sclerosing keratitis. 
(After NettleBhip ) 
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An opacity develops at the margin of the cornea near the 
scleritic nodule. It is approximately triangular or tongue- 
shaj?£d> the rounded apex being towards the centre of the 
cornea. Similar opacities may develop farther from the 
margin and even at the centre. The opacities are grey or 
greyish yellow, becoming denser until they exactly resemble 
the sclerotic—hence the name. They are indeed due to 
changes in the substantia propria, which is embryologicalljr a 
specially differentiated part oi the sclerotic. There is little or 
no vascularisation, and ulceration never occurs. Some clear¬ 
ing from the centre towards the periphery, as well as near the • 
marginal corneal loops (vide p. 212), occurs, but the densest 
parts usually persist as bluish clouds. The whole margin of the 
cornea may become opaque like the sclerotic, but the pupillary 
area almost invariably escapes. 

Treatment is the same as for episcleritis. When tubercle is 
suspected injections of tuberculin may be employed. Uveal 
complications must be treated with atropine, &c. (See 
Chapter XIII.) Ultraviolet light sometimes has a good 
effect on sclerosing keratitis and good results have followed 
administration of vitamin C (vide p. 230). 

Gumma of the Sclerotic is uncommon. It may be indistin¬ 
guishable in appearance from scleritis, or it may take the form 
of nodules of various sizes, situated near the limbus, extending 
backwards to the equator, or even giving rise to an annular 
scleritis. Gumma may spread to the interior of the eye or a 
gumma of the ciliary body may spread outwards and involve 
the sclerotic. Unless active antisyphilitic treatment is adopted 
early and carried out thoroughly the eye is very likely to be 
lost from uveal complications, ciliary staphyloma, or phthisis 
bulbi. 

The diagnosis depends upon the history, co-existing signs of 
syphilis, and the application of the Wassermann test. 

Tubercle of the Sclerotic may take the form of a scleritis, 
may be an extension from the conjunctiva., iris, ciliary body, 
or choroid, or may be primary, forming a localised nodule 
which caseates and ulcerates. It should be excised or scraped 
and the tissue examined for tubercle bacilli. 

Annular Scleritis, as already mentioned, may be a form 
of ordinary scleritis or of gummatous scleritis. A severer type 
is sometimes known as brawny scleritis and is characterised 
by a brownish-red, gelatinous-looking swelling surrounding the 
cornea and extending back towards the equator. It generally 
occurs in old people and is fortunately rare, for it is little 
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amenable to treatment. Some cases, but not all, give a positive 
Wassermann reaction. 

Ulceration of the sclerotic is always secondary, either from 
without or from within. Extension from the conjunctiva is almost 
always due to tuberculous ulceration, rarely syphilitic. Exten¬ 
sion from within is almost always from the ins or ciliary body and 
is usually tuberculous in the case of the iris, syphilitic in that of 
the ciliary body. "Ulceration of malignant growths which have 
perforated the sclerotic also occurs—sarcoma of the iris or ciliary 
body, retino-blastema. All these conditions are rare. 

• Blue Sclerotics. The sclerotic is bluish in babies, but a much 
more pronounced blue coloration is sometimes seen in several 
members of the Same family as an hereditary condition, and 
persists throughout life. A curious and hitherto unexplained 
feature of these cases is that the patients in many of the families 
also suffer from fragilitas ossium and deafness. „The sexes are 
about equally affected ; only those affected can transmit the 
disease. In a case examined microscopically the sclerotic was 
about one-third the usual thickness; the cornea was also thin 
and Bowman’s membrane was absent. The condition lias been 
attributed to parathyroidism* 



CHAPTER XIII 

Diseases of the Iris and Ciliary Body 

The uncouth term uveitis has the merit of emphasising an 
important fact, viz., the close relationship which exists 
between the anatomically distinct parts of the uveal tract. It 
draws attention to the frequency with which inflammatory 
processes involve the tract as a whole, and are not strictly 
limited to a single part. This feature is particularly well 
exemplified in inflammation of the iris and ciliary body. 
Probably iritis never occurs without some cyclitis, nor, a 
jortiori , cyclitis without some iritis. The disease is called iritis 
or cyclitis according as the iris or ciliary body appears clinically 
to be the more affected. The same disposition is also seen with 
regard to the choroid, though in less degree. General uveitis 
is commonest in the more chronic types of inflammation, but 
it is probable that the ciliary body is often involved in many 
cases which we are accustomed to regard as pure choroiditis. 

For convenience of description it is best to consider diseases 
of the various parts of the uveal tract separately, but the 
anatomical, physiological, and pathological continuity of the 
parts can be scarcely too forcibly insisted upon. 

Inflammation of the Ibis and Ciliary Body 

Iritis. In order that iritis and the special dangers which 
attend it may be thoroughly understood, it is necessary to 
remember the anatomical arrangements of the iris and the 
pathological changes which occur in it. The iris is practically 
a diaphragm of blood vessels and unstriped muscle fibres held 
together by a very loose, spongy stroma. In its perpetual 
movements the pupillary margin slides to and fro upon the 
lens capsule. The more the pupil is constricted the more of 
the posterior surface of the iris is in contact with the lens 
capsule ; when fully dilated the iris probably does not touch 
the lens at all. , 

Inflammation of the iris is fundamentally the same process 
as occurs in other connective tissues: it consists in dilatation 
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of the blood vessels, impairment of the oapillary walls, exuda- 
tionjna highly albuminous lymph into the tissue spaces, and 
leuco- or lympho-cytosis. Owing to the extreme vascularity 
ol the iris and the peculiar distribution of the vessels, and to 
the looseness of the stroma, these generic features of inflam¬ 
mation produce special results. Thus, simple hypersemia 
tends'to cause the pupil to contract mechanically, on account 
of the radial disposition of the vessels. This is to some extent 
physiological, but is greatly increased under pathological 
conditions. The extreme vascularity and the looseness of the 
tissues causes an unusually large amount of exudation on the 
one hand and of swelling on the other. Owing to the greater 
albuminous content of the fluid its viscosity is increased so 
that it escapes into the anterior chamber and out of the 
anterior chamber by way of the filtration angle (vide p. 20) 
with greater difficulty. The iris, from being a partially wrung- 
out flat sponge, becomes a sponge full of sticky fluid. Hence 
its freedom of movement is greatly impaired, and the normal 
reactions become very sluggish or completely abolished. The 
fluid, too, contains deleterious substances which act as irri¬ 
tants ; the nerve endings are stimulated so that the muscle 
fibres contract. In any case in which the sphincter and 
dilatator fibres are equally and uniformly stimulated the 
sphincter overcomes the dilatator, so that constriction of the 
pupil follows. 

It is easy now to understand the chief signs of iritis. The 
pupil is constricted, partly owing to hypersemia, partly to 
irritation ; the edge of the pupil is markedly irregular. The 
reactions of the pupil are sluggish, partly owing to the same 
eauses which induce constriction, partly to what may be 
termed water-logging. The latter condition causes an altera¬ 
tion in the appearance of the iris. The delicate iris pattern, 
instead of being clear and sharply defined, becomes blurred 
and indistinct (“ inucjdy ” iris). The colour undergoes con¬ 
siderable change, varying according to the condition of normal 
pigmentation. In fair people with little- pigmentation, the 
blue iris becomes bluish or yellowish green; brown irides 
show less difference, but become greyish or yellowish brown. 
In any case comparison of the colour of the two irides will 
usually reveal some slight difference, for iritis is generally 
unilateral during the acute attack. 

As a result of the change in colour and blurring of the iris 
pattern, the hypersemia of the iris itself is not very obvious, 
but it manifests itself in circumcomeal ciliary congestion (vide 
ms. o* m 0 
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p. 83). This is most marked if the ciliary body is seriously 
involved, but the conjunctival vessels are also frequently 
somewhat engorged, so that care is necessary in distinguishing 
the condition from conjunctivitis. The secondary nature of 
the conjunctival congestion is shown by the relatively slight 
discharge : what discharge there is is chiefly lacrymal, never 
mucopurulent in the absence of actual coniunctivitis'*W lt *'a 

M < V«* * i w 

complication. 

The iris is richly supplied with sensory nerves from the 
ophthalmic division of the fifth nerve. It is not surprising, 
therefore, that pain is a prominent symptom of acute iritis. It 
is not confined to the eye, though severe neuralgic pain is felt 
here, but is also referred to other branches of the first division 
of the fifth nerve, especially to the brow and parts supplied 
by the supraorbital and trochlear branches, but also to the 
cheeks and malar bone, and sometimes to the nose and teeth. 
It is worse at night. 

The albuminous exudates escape slowly into the anterior 
chamber and mix with the normal aqueous. If the ciliary 
body is much involved the aqueous itself is plasmoid (vide 
p. 21). The aqueous often contains leucocytes and minute 
flakes of coagulated proteid, seldom fibrinous networks except 
in severe .cases. It therefore becomes hazy, further inter¬ 
fering with a clear view of the iris and easily mistaken for 
haziness of the cornea, which is usually not involved. In 
very intense cases, especially of traumatic iritis with septic 
infection, large numbers of polymorphonuclear leucocytes are 
poured out; these sink to the bottom of the anterior chamber 
and form aujbypqpyon. Hypopyon is rare in simple iritis/ 
without perforation of the globe. Hyphaejqaj or blood in the 
anterior chamber, may also occur, but is rare in simple iritis, i 

The abnormal condition of the aqueous impairs the nutrition 
of the endothelium which covers the back of the cornea. 
The cells become sticky and may desquamate in places. The 
exudates tend to stick to the more affected spots, forming 
keratic precipitates (“ keratitis punctata ”). These are seldom ' 
present in simple iritis, but form an important feature of 
cyclitis, varying roughly with the amount of cyclitis present. 

The more albuminous the aqueous the more viscous it 
becomes. This viscous fluid filters out of the anterior cham¬ 
ber by the filtration angle with difficulty. Hence there is a 
tendency for the fluid to be retained, so that the intraocular 
tension rises. The rise is, minimal and of no serious import in 
Piuses of simple iritis—in fact, it is scarcely appreciable by 
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clinical methods. If, however, the ciliary body is much 
involved, the albuminous constituents of the aqueous are very 
markedly increased, and rise of tension may be so great as to 
endanger the sight, requiring special attention. 

The exudates which are poured out by the iris and ciliary 
body are naturally most concentrated in their immediate 
neighbourhood. They cover the surface of the iris as a thin 
film and spread into, and often completely over, the pupillary 
area. In this manner the pupil may become “ blocked ” with 
exudates, a condition which very seriously impairs the sight 
of the eye. Moreover, the exudates tend to stick the iris 
down to the lens capsule, so that it becomes immovably 
fixed. 



Fia. 151. —Diagram of seclusion 
and occlusion of the pupil, with 
bowing forwards of the iris(“ iris 
bombe ”). (Nettleship.) 


If the patient is seen in the early stages and atropine is 
instilled the pupil dilates, though not so readily as a normal 
pupil, on account of the water-logging of the iris. By con¬ 
tinuous treatment the iris may 
be freed from the lens capsule 
and the pupil become com¬ 
pletely dilated and circular. 

The exudates, however, show 
a great tendency to become 
quickly organised. This is par¬ 
ticularly seen in most cases of 
iritis, less frequently in cyclitis ; 
when it is a very marked 
feature of the case the inflammation is often described as 
rifastic. If the exudates which bind the iris to the lens capsule 
have not been already broken down they become converted into 
‘ fibrous bands which atropine is wholl y unable to rupture. Such 
firm adhesions of the pupillary margin to the lens capsule are 
called pos terjm.&yTiechicB (avvexetv, to hold together). When 
they are present a mydriatic causes only the intervening 
portions of the circle of the pupil to dilate and the pupil 
assumes a festooned appearance (Plate VI., Fig. 4 ; Fig. 155). 
Even in the absence of a mydriatic minute inspection will 
generally show irregularities of the pupillary margin due to 
the synechiee. Such an irregular pupil is a sign of present or 
past iritis. For diagnostic purposes homatropine should be 
instilled and the result confirmed by the appearance of the 
dilated pupil {vide p. 261). Owing,,to . the contraction of 

organisin g exudates upon the surface,, of the iris the retinal 
pigment epithelium may be pulled outwards over thh pupillary 
margin. Patches of pigment are then seen m this situation 
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(>'ij (ectTQpjgn of the uveal pigment). Posterior syneehi® show 
~ some predilection for the lower part of the pupil in the early 
stages, probably owing to gravitation of the plastic exudates. 

In very severe cases of plastic iritis, or after recurrent 
attacks, the whole circle of the pupillary margin may become 
tied down to the lens capsule. The condition is called annu lar 
y or ring synechia or seclusio pupillcs (Figs. 151, 154); it is one 
of great danger to the eye (vide p. 274). In similar cases. 



Fig. 152.—Total posterior synechia (X 7), from a oase of plastic irido¬ 
cyclitis beginning to cause phthisis bulbi. The iris is completely " 
adherent to the lens capsule, and the periphery is retracted. There 
is a delicate inflammatory pupillary membrane (ooclusio pupill©). 
There is also an anterior capsular cataract, due to inflammation; 
itcontains calcareous deposits, as shown by the patch of dark staining. 
The ciliary body is degenerated and detached from the sclerotio at 
the posterior part. The retina is completely detaohed and folded 
behind the lens. 

especially if the case has been neglected and the pupil not 
well dilated by atropine at an early stage, the exudates in the 
pupilary area may also organise. A film of opaque fibrous 
tissue then fills the pupil; this condition is called blocked 
pupil, or occlusio JMpiUce (Figs. 151, 154). If there has been 
much cyclitis Ihe posterior chamber (Fig. 1) also becomes filled 
with exudates which may organise. They then tie down the 
whole of the back of the iris to the lens capsule ; this condition 
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is called total posterior synechia (Fig. 152). It leads to retrac¬ 
tion of the peripheral part of the iris, so that the anterior 
chamber becomes abnormally deep at the periphery, sometimes 
much deeper than in the centre. 

Iritis is most frequently mistaken either for conjunctivitis 
or for acute glaucoma. The points which distinguish it from 
^conjunctivitis will be gathered from what has already been 
described. The error of mistaking iritis for glaucoma is the 
most serious which can be made, more particularly because 
the treatment of the two conditions is diametrically opposed. 
Dilatation of the pupil with atropine, which is urgently neces¬ 
sary in iritis, is the worst possible treatment of glaucoma 
(q.v.). At the cost of some repetition, the distinguishing 
features will be given here. 

(1) In iritis the pupil is smaller than normal apd irregular ; 
in glaucoma it is larger and oval, usually with the long axis 
vertical. 

(2) In iritis the intraocular tension is scarcely appreciably 
raised unless much cyclitis is present; in glaucoma it is always 
appreciably raised, and is often very high. 

These are the two chief objective signs. Cases occasionally 
arise which are doubtful even to the most experienced. A 
useful and harmless procedure which will almost invariably 
settle the question is the following: A drop of 2 per cent, 
euphthalmine or homatropine (not atropine) solution is 
instilled. As the pupil dilates, in iritis the irregularities are 
emphasised and synechias are almost always revealed; the 
tension is not appreciably affeeted by the mydriatic ; in 
^glaucoma the pupil probably dilates slowly but quite evenly, 
retaining its roundness ; the tension is appreciably increased 
by the mydriatic. As soon as glaucoma is definitely diagnosed 
by thia teat eserine (1 per cent.) must be immediately instilled 
and repeated at intervals (vide p. 292). Atropine is never tc 
be used for diagnostic purposes, since eserine is incapable o: 
counteracting its mydriatic effect, and if the case were founc 
to be one of glaucoma immediate operation would b< 
imperative. 

(3) 'The subjective symptoms differ in the two diseases 
Vision is usually more impaired in glaucoma than in iritis. Tr 
acute glaucoma the onset of the pain is sudden, and it is sc 
severe that it is frequently accompanied by yojpoiting. 

It will be advisable again to enumerate the chief symptom; 
and signs of iritis. The subiecti vn Jyjaaj^Qnis are : pain, of s 
neuralgic character, referred not only to the eye but also to the 
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supra-orbital region ; dimness of vision, due to cloudiness of 
the aqueous, exudatos in the pupillary area, &c. The objec¬ 
tive signs are : constriction and irregularity of the pupil,, 
uffless a mydriatic has already been fnstlHed'm which case the 
irregularity is emphasised by the presence of the posterior 
synechise. If the mydriatic is instilled early these synechias 
may break down so that the pupil again becomes quite round ; 
in such cases spots of lymph or pigment upon the anterior 
capsule of the lens often leave permanent marks of old 
synechise, and form most valuable evidence of previous iritis 
(Fig. 153). It has already been pointed out (p. 4) that the' 
posterior layer of the retinal pigment epithelium on the back 
of the iris is less firmly attached to the iris than the anterior. 
When a synechia breaks down some of the posterior layer often 
tears away apd remains attached to the lens capsule; these 

# pigmented spots never disappear entirely. 

They are easily distinguished from the congenital - 
spots due to persistence of the pupillary mem¬ 
brane pigment (vide p. 278), and are valuable 
Fig. 153.—Spots evidence of previous iritis. Discoloration or 
of pigment on muddiness of the iris, whereby the iris pattern' 
the lens cap- is masked; hyperaemia, manifesting itself chiefly 
posteriorsyne- as circmncorneal ciliary congestion ; exudations, 
chi® whioh manifesting themselves either as more or less 
have broken cloudiness of the aqueous or as solid deposits in 
ship 1 ) ^ Nettle pupillary area and upon the iris : these are 
' conspicuous signs of inflammation of the iris. 

. The course of iritis varies with its intensity. Even the slighter 
Acute cases take three or more weeks before inflammation. 


entirely subsides. The best sign is the prompt action of 
atropine, for in the worst cases it has little or no effect. 
Improvement is shown by good dilatation, diminution of injec¬ 
tion and pain. In the chronic c ases the ciliary body is almost 
always more seriously involvecf; the condition is one of irido¬ 
cyclitis. The inflammatory signs are less, but diminution of 
vision is progressive, and the disease not infrequently lasts for 

^ m0 st characteristic features of iritis and cyelitis 
is the great tendency to relapse. It depends, not upon the 
synechise; as was once taught, but upon the constitutional 
cause of the disease. Each fresh attack runs a similar, though 
usually less severe, course, often leaving fresh traces and 
increased impairment of vision. 

Complete resolution may occur in slight cases treated early 
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and suitably. The exudates become absorbed ; the synechiee 
break down, leaving only such slight traces that vision may be 
perfect. Comparatively slight cases may, however, leave very 
serious results if they are improperly treated, and in severe 
cases these are the rule. Most of the evil results are attribu¬ 
table to neglect of or impossibility of early dilatation of the 
pupil, which causes permanence of the posterior synechiee. If 
these are few, no special injury or impairment of sight follows, 



Fig. 154.—Iris bombe, with very broad peripheral anterior synechia, 
annular posterior synechia (seclusio pupillse), and inflammatory 
pupillary membrane (occlusio pupillse). There is also an anterior 
capsular cataract. 

but future attacks are more likely to result in an increased 
number or in ring synechia. 

Ring synechia, or seclusio pupillse, is pne pi ( . tjie worst* 
sequels of the disease, since, if unrelieved, it inevitably leads to 
secondary glaucoma and destruction of.sight. Owing to the 
complete shutting on of the pupil the aqueous is unable to pass 
forwards into the anterior chamber, the pigment epithelium 
forming a non-permeable membrane. It therefore collects 
behind the iris, which becomes bowed forwards like a sail, a 
condition which is called iris bonibe (Fig. 154). Regarded from 
in front, the anterior chamber is seen to be funnel-shaped, 



264 


DISEASES OF THE EYE 


deepest in the centre and shallowest at the periphery. The 
filtration angle is obliterated by the adhesion of the iris to the 
cornea and sclera at the periphery (peripheral anterior 
synechia). Hence the fluid is retained witfthrt&e eye &nd the 
ifltF&tRffilar tension rises (vide p. 281). 

Organisation of the exudates in the pupillary area leads to 
the formation of an inflammatory pupillary membrane or 
on g)usio pnpillse. This interferes directly with the transmis¬ 
sion of light rays and is often associated with ring synechia, 
with or without total posterior synechia (vide p. 261). In sucl\ 
cases there is generally plastic cyclitis and the eye is irretriev¬ 
ably affected. 

Repeated attacks of iritis lead to atrophy of the iris, which 
becomes dirty grey, like felt or blotting paper. Red streaks 
often mark the site of permanently dilated vessels, usually of 

new formation and therefore not 




necessarily radial in direction. The 
pupillary margin is thin and frayed : 
the reactions are diminished. 

Varieties of[Iritis. The varieties of 
iritis are usually divided into primary! 
and secondary, the latter being those( 
which* are due to extension of inflam¬ 
mation from some other part of the 
, . . . . eye, usually the cornea. The primary 

'^with'noduleTiiTthe angle iritides " e due to some general dye- 
of tho anterior chamber. Crasia, though it 18 not always pOS- 
(Nettleship, from a draw- sTBle to determine its exact nature 




The b7 P aSirw* PiC ^ (BosaUedjdiopathic iritis) The most, 
syphilitic. undoubted cause is certamly syphilis ; 

other causes are gonorrhoea, tubercle, 
and diabetes. There is both clinical and experimental evidence 
that certain strains of streptococci have a specific selectivity 
for the tissues of the uveal’tract. Alleged causes are gout, 
“ rheumatism,” acute exanthemata, &c. Finally, iritis is 
usually’an important element of sympathetic ophthalmia (q.v.). 1 

Syphilitic Iritis manifests itself in two forms. Syphilis is 
thellbinmonest cause of simple plastic iritis, which occurs in 
the secondary stage, soon after the skin eruptions, usually 
within the first year afljer infection, but not before the third 
month. There may be nothing characteristic about thislorm 


of iritis, or nodules may occur upon the iris (vide infra). ' Syphi¬ 
litic iritis lasts two to eight weeks and does not usually recur, 
thus di ffering from the * ^rheumatic ” and gonorrhoeal forma. 
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Iritis used to occur in at least, 3;;—4 per cent, of syphilitics, 
and of cases of iritis syphilis accounted! for at least 25—30 
per cent., but syphilitic iritis appears to be less common than 
formerly, probably owing to earlier and more thorough anti- 
syphilitic treatment. Syphilitic iritis is generally unilateral, 
but the second eye becomes affected sooner or later in 
about a quarter of the cases. Iritis due to other causes is 
unilateral in only about 10 per cent. Syphilitic iritis attacks 
males more than females, and three-fourths of the cases are 


between twenty and forty years of age. The Wassermann 
reaction is of great value in settling the diagnosis. The 
spirochaete has been found in the aqueous. 

Simple plastic iritis also occurs in congenital syphilis, usually 
as an accompaniment of interstitial keratitis (q.v.). It also 
occurs in very young babies with congenital syphilis, without 
any corneal complication, but usually with large nodules or 
guinmata on the iris. This is not common, but is probably the 
only cause of iritis in very young children apart from direct 
injury. It is sometimes seen so soon after birth that almost 
certainly in these cases it commences 


as an intrauterine inflammation. The 
average age of onset is five to six 
months. It is commoner in females 
tharTm males, and is unilateral in 
about half the cases (Hutchinson.) 

The iris also becomes inflamed in. 
some cases of acquired syphilis late 
in the secondary or rarely during 
the tertiary stage. These cases are 
characterised by the formation of 
yellowish red nodules near the pupil¬ 
lary' ahcL.ciliary borders of the iris, 
but not in the intermediate region. 
The Dodules are usually multiple and 
vary in size from that of a pin’s head 



ring in the secondary 
stage of syphilis,situated 
at the pupillary border 
of the iris. (Nettleship, 
from a drawing by W. G. 
Laws.) 


upwards (Fig, 156). It has been customary to consider these 
nodules either condylomata or gummata, according to the 
stage of the complaint. "There is no good ground, either 
clinical or pathological, for the distinction, and the term 
gummatous iritis may be used for all these cases. There is 
generally much exudation in gummatous iritis, and broad 
synechise are formed. The nodules are liable to be mistaken 
for tubercle (q.v.) or sarcoma (q.v .); the absence of iritis and 
the presence of only a single nodule usually distinguishes the 
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latter condition, which, moreover, is extremely rare. Gum¬ 
matous iritis may rarely extend to the comeo-sclera at the angle 
of the anterior chamber and lead to perforation of the globe. 

The sites of previous gummatous deposits in the iris are 
marked by depigmentation of the stroma, probably owing to 
stretching. Whitish spots in the ciliary region of the iris, 
especially near the crypts, occur in the early stages of syphilitic 
infection without previous iritis. Syphilitic degeneration of the 
vessels causes thickening of the coats, sometimes making 
them appear as white lines. Atrophy of the muscle fibres,* 
especially of the sphincter, also occurs, and a circle of atrophic 
patches near the pupillary border is strong evidence of 
syphilis. 

Vision is usually impaired permanently in syphilitic iritis, 
and the prognosis is worse in the gummatous type. Specific 
iritis is indeed a sign of severe syphilis ; Trousseau found that 
thirty-four out of forty patients ultimately developed grave 
sequelae such as tabes and general paralysis. 

Gonorrhoeal Irit is is probably more common than is generally 
supposed. It occurs especially in those cases which have 
gonorrhoeal “ rheumatism ” and seldom supervenes until 
after one attack of arthritis, usually in the knees. It tends to 
recur, often during the onset of gleet or arthritis, and often 
many years after the first attack. There is little doubt that it is 
a metastatic infection. The patients are almost always 
and as a rule both eyes are affected, though not at the same 
time. Extension’to' the ciliary body may be indicated by fine 
vitreous opacities, but involvement of the choroid is very rare. 
Another more characteristic form may occur during the acute 
attack. The exudates into the anterior chamber then have a 
peculiar gelatinous appearance and a greenish-grey colou? 
which is characteristic. 

xt Rheumatic ” Iritis. In patients with iritis, in whom no 
specific or gonorrhoeal taint can be discovered, a history of 
rheumatic pains in the muscles and joints can often be elicited. 
Iritis seldom, if ever, accompanies an attack of acute rheu¬ 
matism, and only rarely can a history of such an attack be 
obtained.. The patients are often gouty or have rhemp&toid 
acthritjs. What the pathological relationship of the iritis is to 
these complaints must remain a matter of conjecture until their 
setiology is placed beyond dispute. It is most provable that 
both the “ muscular rheumatism ” and the iritis are due to a 
common cause, toxins derived from a septic focus in some 
part of the body, e.g., mouth, nasal sinuses, intestinal tract, 
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&c. The iritis in these eases is usually a plastic iritis of 
moderate severity. It often attacks both eyes and shows a 
very marked tendency to recur, and the recurrence seems to 
bear a direct relationship to the recurrent attacks of pain or 
arthritis. There is often an unusual amount of conjunctival 
and episcleral congestion. Iritis in an elderly patient is likely 
to be gouty, often starting suddenly in the night and sometimes 
ushering in an acute attack of gouty arthritis. 

Diabetic Iritis is rare: it may be due to deficiency in ribo¬ 
flavin^. p. 249). It shows a marked liability to the formation 
of new or enlarged vessels in the iris (rubeosisiridis), with the 
formation of plastic exudates and occasionally aii hypopyon. 
On the whole it runs a favourable course. 

Tuberculous Iritis occurs in a miliary and a conglomerate 
or solitary form. In the former there is usually a yellowish 
whitS fiodule surrounded by numerous smaller satellites ; there 
is the same tendency as in gummatous iritis for the nodules to 
be near the pupillary or ciliary margins. In the earliest stages 
the nodules are minute, greyish, and translucent. There are 
often spots of “ k.p.” on the back of the cornea, indicating 
involvement of the ciliary body. Hypheema is not un¬ 
common; and pseudo-hypopyon, composed of caseating 
tuberculous material, may occur. In conglomerate tubercle 
there is a yellowish white tumour, thotigh smaller satellites 
may be present. The nodules contain gia nt cells. There is 
usually less general iritis than in the gummatous form, but 
there is almost always some. The condition may be mistaken 
for gummatous iritis or for sarcoma. The absence of specific 
Jpstory, a negative Wasscrmann reaction, the failure of anti¬ 
syphilitic treatment, and the age of the patients—children or 
young adults—are features distinguishing it from gummatous 
iritis. The presence of satellites, the usual, but not invariable 
absence of visible vessels upon the surface of the nodules, the 
age of the patient, and the presence of iritis distinguish it from 
sarcoma. The diagnosis may be extremely difficult, but the 
great rarity of sarcoma of the iris should be borne in mind. 
Simple iritis is said to be sometimes tuberculous. 

In conglomerate tubercle of the iris the corneo-sclera at the 
angle of the anterior chamber almost invariably becomes 
ultimately eroded and involved. The wall of the globe is thus 
weakened and eventually gives way. The tuberculous mass 
then grows rapidly through the perforation, and a large por¬ 
tion of the iris may become prolapsed. In this manner the eye 
is inevitably lost. 
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von .Pirquet’s cutaneous reaction may be applied to doubt 
ful cases. A positive result is of little value except in children, 
but a negative result eliminates the diagnosis of tubercle with 
a fair degree of certainty. Wolff-Eisner or Calmette’s con¬ 
junctival test should not be used on account of the danger of 
severe reaction. Subcutaneous injection of Koch’s old tuber¬ 
culin gives a characteristic rise in temperature, &c., in the 
presence of tubercle, but there is no proof that the ocular 
lesion is the cause of the reaction, and the test is not free from 
danger, due to violent local reaction. 

c 

Brucellosis (Syn. Undulant Fever). Infection by the three 
strains of the Brucella (abortus, sius or meletensis) is widespread 
throughout the world and among the many sites of its manifes¬ 
tations the eye may be affected. A keratitis and optic neuritis 
is rare; a uveitis of a chronic granulomatous habit is commoner. 
The disease ,is prone to relapse and diagnosis can only be 
suggested from other forms of chronic irido-cyclitis by an 
agglutination test, a cutaneous test, or an opsonocytophagic 
test. 

Treatment . Dilatation of the pupil with atropine and hot 
applications are the essentials of local treatment. Atropine | 
acts in three ways : (1) by keeping the iris and ciliary body 
at rest; (2) by diminishing hyperaemia ; /3) by breaking down 
posterior synechiae and preventing the formation of fresh ones. 
It may be used in the form of drops of a 1 per cent, solution 
or as an ointment of the same strength. I prefer the ointment 
for the following reasons : (1) its action is more continuous ; 
j(2) it is easier to apply, since it usually works into the eye even 
if only rubbed along the lashes; (3) it is less likely to cause 
symptoms of poisoning, which are not uncommon with the 
drops in children. Symptoms of poisoning—dryness of the 
throat, flushing of the face, delirium, &c.—are due to the 
excess of solution—often considerable in unskilful hands— 
passing down the nasal duct into the nose and throat. The 
dose administered in this manner is never lethal. 

Atropine should be pushed in the early stages, best by fre¬ 
quency of application rather than increased strength. Every 
four hours is usually sufficient. When the pupil is well dilated, 
two or three times a day suffices. If atropine irritation ensues, 
hyoscine, scopolamine, or duboisine should be substituted. 
Dronij^5—10 per cent., may be used in conjunction with the 
mydriatic. 

A very powerful mydriatic effect is obtained by the subcon- 
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junctival injection of 5 minims of mydricain {vide p. 694), 
admixture of atropine, cocaine, and suprarenin. 

I Hot applica tions are extremely grateful to the patient, 
diminishing the pain, and are of therapeutic service in encour¬ 
aging a more vigorous blood and lymph flow. Hot fomenta-^ 
tions and bathings may be used, but dry heat applied to the ( 
surface of the closed lids has the same effect. This may be 
done by means of medical diathermy (300 to 600 milliamperes 1 
for five minutes) or an electric heater, which is bandaged over a/ 
pad of wool, previously well heated and applied to the eye. By ^ 
this means the heat is considerable and continuous, with a 
minimum of trouble and discomfort. 

In very severe cases, or when the pupil does not readily 
) respond to atropine, depletion of blood from the temple should 
be resorted to. The best method is by "two or three leeches 
applied a short distance outside the external canthus. They 
should not be too far from the eve. nor too near, for in the 
latter case much oedema of the lids may follow. Heurteloup’s 
artificial leech may be used, but is not so efficacious, since the 
leech extract > diminishing the clotting capacity of the blood 
has a beneficial effect.. 

If the pain is very intense a hypodermic injection of 
mprphia. may be given. Aspirin is very useful in relieving pain. 

GeneraJ treatment should be commenced by a saline purge, > 
and the bowels must be kept freely open throughout the acute 
stage. 

In other respects the general treatment depends upon the 
cause. In syphilitic iritis the patient is rapidly got under the 
^influence of mercury, best by inunctions or the intramuscular 
injection of Lambkin’s cream. N.AJ3. injections cause rapid 
improvement, but these cases also” respond well to mercury. 
These drugs are most effectual in the cases occurring during the 
secondary stage, but should also be used in the gummatous 
form. Here they should be supplemented by iodides, but 
these must not be given simultaneously with injections of 
metallic pagreury. The infantile form of acute syphilitic 
iritis responds rapidly to mercury, but neither drug is very 
efficacious in the congenital type, and in this, as well as in the 
later stages of the other forms, general tonic treatment is 
indicated. 

In gonorrhoeal iritis an intensive course of sulphonamides s 
in full closes (sulphathiazole, sulpbadiMift 6 ) should be started 
at once {vide p. 695). In chronic or recurrent Cases gonococcic 
vaccin© sometimes produces good results, and massage of the 
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prostate, though it may cause a temporary exacerbation, helps 
to remove the source of the trouble. 

In gtfcher forms of iritis an exhaustive search should be made 
for any septic focus in the body and the result anticipated, 
particularly if a streptococcal origin is suspected, by a course 
of one of the sulphonamides (vide p. 695). If the response is 
not good, or where no satisfactory cause can be found, it is 
) usual to order salicylic preparations, and they appear to do 
good, not only in'these, But also in gonorrhoeal and diabetic 
iritis. 

In the convalescent stage smoked classes are ordered—f<5r 
both eyes, especially on account of the consensual reaction 
to light. Atropine, or its equivalent, should be continued for 
at least ten days or a fortnight after the eye appears to be 
quiet,’ otherwise a relapse is very likely to occur. 

Tuberculous iritis is treated by the same local applications 
as other forms., The usual constitutional treatment must be 
pushed. Improvement and even complete resolution have 
been recorded from the use of tuberculin injections, but they 
should be used cautiously, commencing with very small doses, 
since a violent reaction may have a serious effect upon the eye. 
The dose is very gradually increased. 

Some authors consider that tuberculous iritis is generally 
the primary manifestation of the disease in the body. They 
therefore advocate the removal of the eye as soon as the 
diagnosis is made, in order that the danger of extension of the 
disease to other parts of the body may be minimised. If 
perforation of the globe has taken place and the eye is irretriev¬ 
ably lost immediate excision should be urged, but in other 
cases ordinary treatment, supplemented by tuberculin, should 
be persisted in. Good results have undoubtedly been obtained 
by the use of tuberculin, and it should be given a per¬ 
severing trial; nevertheless it often fails to ameliorate the 
condition. 

In brucellosis, apart from the usual local treatment, sulphon¬ 
amides may be given (vide p. 695). Vaccines have also been 
employed, but in general treatment is unsatisfactory. 

Treatment of Sequela and Complications. For the treatment 
pf coincident cyclitis see p. 275. 

' ‘ ! Firm^)p.st,eripj: syn&eluse can sometimes be broken down by 
placing a small particle of solid atropine in the conjunctival 
sac. Care must be taken toT'prevent the dissolved atropine 
from passing down the nasal duct by pressure with the linger 
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upon the lacrymal sac by the patient himself, but the surgeon 
must see that the pressure is rightly applied and kept up. 
Alternatively, and usually more effectively, a subconjunctival 
injection of midricain may be given and repeated if necessary 
(vide p. 694). 

Annular synechia demands an iridectomy in all cases iD 
order'^"td^restore communication between the anterior and 
posterior chambers, and thus avoid the supervention of 
secondary glaucoma {vide p. 282). In some cases it is necessary 
or advisable to be content with making a puncture or trans¬ 
fixion of the iris by a broad needle. No operative procedure 
of this kind must be undertaken during an acute, or even the 
slightest attack of iritis, if it can be possibly avoided, since the 
traumatic iritis set up will frustrate the object of the operation 
by filling the coloboma with exudates, and may even cause 
the loss of the eye. It is best, if possible, to forestall a ring 
synechia by performing the iridectomy before the adhesion 
extends round the whole circle. This can often be done, 
because operable ring synechia, i.e., ring synechia without 
total synechia, is frequently the result of recurrent attacks 
of quiet or almost painless iritis, during each of which more 
of the circle is involved. The iridectomy is performed during 
a quiescent interval. It is often difficult to get a good colo¬ 
boma owing to the atrophy and friability of the iris and the 
firmness of the adhesions. Haemorrhage is common, and the 
hyphaema takes longer than usual to be absorbed. If for any 
reason operation on such an eye appears to be specially risky, 
particularly if it is an only seeing eye, the pupil should be 
kept continuously under atropine (0*5 per cent.) instilled once 
a day. Iridectomy sometimes has a beneficial effect on re¬ 
current iritis, but should not be done without special indications 
until all other non-operative measures have failed. The 
presence of “ k.p.” should generally be regarded as a contra¬ 
indication to intraocular operation in the absence of danger¬ 
ously high intraocular pressure. 

Total posterior synechia can seldom be operated upon with 
success. Iridectomy is seldom possible, and the only pro¬ 
cedure which can be adopted is extrac,tiP.n,pf _the leps by a 
specially devised operation. Iridectomy or mdo’tomy may 
be possible if the lens is shrunken. 

Cyclitis has already been referred to incidentally. In the 
severe plastic form the exudates from the ciliary body pass into 
the anterior chamber directly from that part which forms a 
boundary of the chamber (Fig. 2), and indirectly by passing 
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forwards through the pupil. When they organise they not 
only cause total posterior synechia, but also surround the lens 
and extend throughout the vitreous. Behind , the lens they 
form a transverse membrane or c yclitic membrane. Strands 
of fibrous tissue are formed in the vitreous. "They become > 
anchored to the retina in various places, and by their Subse¬ 
quent contraction often lead to detachment of the retina. .The 
exudates which organise upon the surface of the ciliary body 
cause the destruction of the ciliary processes, which results in 
abolishing or seriously diminishing the secretion of aqueous. 
Hence the intraocular tension becomes lowered ( hypotony) and 



FlO. 157.—Phthisis bulbi, due to irido-cyclitis (x 3). C, cornea; 
Ir., iris; L, lens; C.b., ciliary body ; Ch., ohoroid ; R, retina, 
detached and folded up behind lens, separated from ohoroid by 
albuminous coagulum ; Scl., sclerotic. ' 

the eye is quite soft to the touch. The walls of the globe fall 
in, and the eye becomes shrunken and quadrilateral in shape 
owing to pressure by the recti muscles— phthisis b%lbi (<f>0iveiv, 
to waste) (Fig. 157). After this has occurred degenerative 
changes supervene, and the choroid becomes converted after 
months pr years into bone. 

~Vkronic Irido-cyclitis (Syns.—Simple Cyclitis t “ Serous 
Iritis ”) is an extremely insidious and chronic disease, charac¬ 
terised by diminution of vision with slightly marked physical 
signs. In severe cases there is ciliary congestion, tenderness 
on pressure over the ciliary region, deep anterior chamber, 
precipitates (“ keratitis punctata ”) on the back of the cornea, 
and dust-like opacities in the vitreous. Posterior synechia! 
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are not a conspicuous feature, but are liable to be formed 
slowly and insidiously. The tension is usually slightly 
raised in the earlier stages, lowered in the later. There 



towards the bottom of the anterior chamber, combined with 
the perpetual movements of the eye, which are mostly in the 
horizontal direction. The typical arrangement is often but not 
always observed. More commonly a few isolated spots are seen 
scattered irregularly over the lower part of the cornea. They 
require great care in examination for their discovery (vide 
p. 87), and their importance cannot be over-estimated. The 
smaller spots frequently coalesce, forming small plaques, 
which gradually become more translucent (“ mutton-fat k.p.”). 
Precipitates are generally sharply defined and can thus be 
distinguished from opacities in the deeper layers of the cornea. 
They are more likely to contain pigment when the iris is brown, 
but “ pigmented k.p.” also occurs with blue or grey irides if 
the inflammation lasts a long time. Pigmentation therefore 
may give some indication of the duration of the disease. The 
pigment persists almost indefinitely. Similar precipitates are 
rarely seen upon the anterior capsule of the lens, but the 
leucocytes do not readily stick here owing to the smooth 
surface, devoid of endothelium. 

The vitreous opacities are of the same nature, viz., wander¬ 
ing leucocytes, but many are also probably minute particles 
of albuminous exudate. Their mobility in the vitreous shows 
that the consistency of this substance has undergone change, 
sometimes amounting to complete fluidity, due to defective 
nutrition. 
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The increased depth of the anterior chamber is an important 
sign, nofeasily explained. It is undoubtedly connected with 
the deficient filtration of the plasmoid aqueous through the 
angle, which, together with dilatation of capillaries produced 
by the secretion of histamine-like substances and axon 
reflexes, also accounts for the rise in tension. The peripheral 
part of the anterior chamber is often particularly deep, even 
deeper than the central: this is, however, more marked in 
the later stages of plastic cyclitis, when it is due to mechanical 
retraction of the iris from organisation of exudates in the 
posterior chamber. 

In severe or prolonged cases the deeper layers of the cornea 
may become infiltrated, as in interstitial keratitis, though 
seldom to the same extent. This is specially liable to. occur in 
tuberculous cases, and in these there are often minute greyish 
nodules on the surface of the iris. These should be carefully 
looked for, as tkey are of considerable diagnostic significance, 
and the prognosis is correspondingly grave. Tiny translucent 
nodules are sometimes seen, even in early stages, at the pupillary 
margin of the iris. These cases seem invariably to go 
from bad to worse in spite of treatment. They are probably 
tuberculous. 

In the slightest and most insidious cases of irido-cyclitis the 
symptoms and physical signs are minimal. Considerable 
diminution of vision without obvious cause should always 
excite apprehension, and the cornea should be most carefully 
explored by oblique illumination with magnification by the 
loupe, as well as by the direct method with a strong convex 
lens. A few spots of “ k.p.” are decisive proof of cyclitis, and 
may be the sole physical sign. Change in the colour of the 
iris, due to atrophy, is an important sign, since it may at 
once attract attention, especially if the normal eye has a 
brown iris. It indicates, however, a late stage of the 
disease. 

Chronic irido-cyclitis occurs under similar conditions to 
simple iritis and is commoner in women than in men. Syphilis 
or tubercle may be the cause. It is probably always due to 
some form of toxaemia or bacterial metastasis, and a careful 
search should be made for a septic focus in some part of the 
body. It is most frequently found in the mouth— .pyorrho ea 
alveo laris—in the nose and accessory nasal sinuses, or, espe¬ 
cially in* women, in the genital tract. The frequency of 
streptococcal bacteriiemia associated with pyrrhoea has been 
conclusively proved, the streptococci being usually of the 
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viridans type—10 per cent, of cases; 70 per cent, immediately 
after extraction of teeth (Okell and S. D. Elliott.) Very often 
no such source of toxins can be demonstrated, but the patients 
are usually of a debilitated type. There is often constipation, 
and it is not improbable that the intestinal tract is a frequent 
source of the toxins. 

The disease is generally very chronic and liable to exacerba¬ 
tions with gradual and insidious formation of posterior syne- 
chiae. Vision is greatly diminished during the more acute 
stage, and recovers considerably in the intervals, but each 
recurrent attack leaves more and more permanent defect. 
There is usually increased tension during the more acute 
stages, and this may be so great as rapidly to abolish vision 
unless relieved. The eye may finally become soft and tender, 
and enter into the condition of phthisis bulbi, but this occurs 
only after many years in simple cases of irid®-cyelitis. Less 
serious cases, however, not uncommonly occur, especially 
when the septic focus, e.g ., pyorrhoea alveolaris, is discovered 
and is amenable to radical treatment. 

Treatment of irido-cyclitis is essentially the same as that 
of iritis, but special attention must be directed to any septic 
foci which may be found and to the general health. Septic 
foci such as pyorrhoea alveolaris, nasal, genital, or urinary 
sepsis, furunculosis, &c., must be radically treated when 
possible. If there is extensive pyorrhoea only four or five teeth 
should be removed at a time, since absorption of toxins from 
the gums may cause a severe exacerbation of the cyclitis and 
even alarming shock. In some cases an autogenous vaccine 
has produced rapid cure, but more often it fails. The cases 
often drag on indefinitely, with occasional exacerbations. 
During the more acute phases energetic treatment with 
atropine, hot bathings or the electric heater, and if necessary 
blisters or leeches, is indicated, together with the administra¬ 
tion of sulphonamides (vide p. 695). Small doses of calomel 
(gr-l. three tubes a'day) or salicylates do good in many cases 
of obscure aetiology, probably by acting as intestinal disinfec¬ 
tants. Iodides help to cause absorption of vitreous and other 
exudates. Hexamine has been recommended on theoretical 
grounds, but has proved disappointing. In severe cases the 
patient should be kept in bed and submitted to mercurial 
inunctions or baths, which often do good in cases in which 
there is no specific history. Diaphoresis by vapour baths and 
hypodermic injections of pilocarpine may be tried in intractable 
cases, which form the majority. Cases of syphilitic or tuber- 
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culous origin, of course, require the appropriate methods of 
treatment, but tuberculin should be used with caution (vide 
p. 270). Some cases, probably tuberculous, show marked 
improvement after a course of ultra-violet radiation of the 
skin ; the eyes should be carefully protected by suitable glasses 
(vide p. 189) during the exposures. Other cases are improved 
by protein shock (vide p. 697). 

Ii the intraocular tension is raised seriously, so that there 
is danger to the sight of the eye from this cause, it must be 
relieved by paracentesis (vide p. 209). This usually has only a 
transitory effect, and may require to be repeated every two or 
three days. It is theoretically unsatisfactory, since the com¬ 
paratively sudden reduction of the intraocular pressure to 
zero causes dilatation of the ciliary vessels and allows the 
passage of a lymph which is even more albuminous than that 
which has been let out. It should therefore not be resorted to 
unless imperatively indicated. On the other hand, the final 
result is often very satisfactory, probably because the rapid 
flow of lymph flushes out the secretory channels and carries 
away endothelial and epithelial debris and stagnant toxins. 
If repeated paracentesis fails to relieve the tension, an iridec¬ 
tomy may do good; it may be necessary to do a Herbert’s 
sclerotomy or an anterior sclerectomy (trephining), but this 
should only be done as a last resource, since the results are 
usually very disappointing. 

During the intervals between exacerbations the pupils 
should be kept moderately dilated with weak (0*5 per cent.) 
atropine. The patient should have plenty of fresh air, good 
diet, and tonics. 

If the eye becomes useless, shrunken, and painful it may be 
necessary to excise it. 

Plastic Irido-cyclitis. The pathology of this condition has 
already been described incidentally. In it the signs of irido¬ 
cyclitis in general are increased. The cyclitic membrane 
behind the lens may be seen with the ophthalmoscope or even 
by oblique illumination. In young children the condition 
forms one type of pseudo-glioma (Chap. XIX.). In the later 
stages the degenerative changes in the ciliary body prevent it 
from fulfilling its functions of supplying the eye with lymph 
and nutriment. The vitreous suffers first, becoming fluid, 
and lat§r the lens, which becomes opaque. Finally the eye 
shrinks (phthisis bulbi). 

Treatment is the same as for chronic irido-cyclitis. The 
blind, shrunken globe is often painful and a continual source 
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of annoyance bo the patient. It should, in these circum¬ 
stances, be excised. 

Gumma of the Ciliary Body causes an intense acute plastic 
irido-cyclitis, with severe iritis, much exudation into the anterior 
chamber, often deep infiltration of the cornea and usually great 
pain. It is a rare complication of syphilis, not confined to the ter¬ 
tiary stage. It varies in the severity of the symptoms and the 
rate of progress. It is only to be diagnosed clinically with cer¬ 
tainty when the inflammation extends into the sclerotic {vide 
p. 254). If it does not respond to active anti-syphilitic treatment, 
the eye eventually shrinks. 

Tubercle of the Ciliary Body occurs with tubercle of the 
iris and of the choroid, and is usually only to be inferred clinically 
rather than definitely diagnosed. As already mentioned, the 
tubercle bacillus may account for some cases of chronic 
cyclitis. 

Uveoparotitis {Syn. — Heerjordt’s Disease) is a chronic bilateral 
parotitis and uveitis, generally occurring between ten and thirty 
years of age. A low grade fever, sometimes accompanied by a 
rash like erythema nodosum, precedes or follows the swelling of 
the parotid. There is frequently paralysis of the viith nerve, 
and other signs of peripheral neuritis, e.g., ptosis, diplopia, 
recurrent laryngeal paresis, occur. The parotid swellings may 
last for six weeks to two years, but gradually subside. Evidence 
of tubercle has been found in all cases examined histologi¬ 
cally. 

An allied condition is Boeck’s sarcoidosis , a low grade uveitis 
associated with nodules in the iris, cornea, skin, &c. 

Secondary Iritis. See Chap. XXI. 

Purulent Irido-cyclitis . See Chap. XXI. 

Sympathetic Irido-cycUtis. See Chap. XXI. 

Degenerative Changes in the Iris. 

Depigmentation of the iris is seen in old people, and examination 
with the slit-lamp has shown that disintegration of the iridic pig¬ 
ment is a constant senile phenomenon. Depigmentation o£ the 
pupillary margin is common and may occur in the form of small 
triangular patches or radial fissures. Irregular lacunae in the 
retinal pigment may often be seen by tram illumination, either by 
the slit-lamp or by contact illumination. Atrophy of the stroma, 
especially near the pupil, is also common, and the pupillary 
border may be frayed out and very irregular, independent of 
inflammatory changes. 
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Congenital Abnormalities oe the Iris. 

One iris may have a different colour from the other, or parts 
of the same iris, usually a sector, may differ in colour from the 
remainder. Both conditions are known as 
heterochromia iridis. The blue iris is due to 
£Ke absence of pigment in the iris stroma, the 
pigment in the retinal epithelium being seen 
through the translucent stroma. The eye 
with the lighter iris seems to be specially 
Fxo. 159 . — Con- prone to iridocyclitis. Many of these cases 
genital coioboma are due to wrong diagnosis, the lightness of 
o the ms. the iris being due to degeneration following 
iridocyclitis; but this explanation does not account for all 
the cases (Fuchs). 

Irides often ‘have patches of brown pigmentation; these 
benign melanomata are due to abnormal groups of retinal pig¬ 
ment epithelium lying in the posterior layers of the stroma. 

The pupil is normally slightly to the inner side of the centre 
of the cornea. In some cases it is considerably displaced, 
usually also to the nasal side —corectogia («opr?, pupil, 4k, out 
of, two?, place). Rarely there'~are other holes in the iris 
besides the pupil— polycoria. 

The iris may be apparently absent —aniridia or irideremia. 
Anatomical investigation has shown that there is always a 
narrow rim persistent at the ciliary border, but it is hidden 
from view during life by the sclerotic. On examination the 
ciliary processes and the suspensory ligament of the lens can 
be seen. Aniridia is usually bilateral. There is a tendency 
for secondary glaucoma to develop in these eyes, a remnant 
of the iris blocking the angle of the anterior chamber. 

There may be a gap in the iris, usually pear-shaped or like 
a Gothic arch, continuous with the pupil and extending towards, 
but not always as far as, the ciliary border. It is called a 
congenital coloboma (Ko\6(3copa, mutilation) of the iris (Fig. 
15$); It is usually downwards or down and slightly in, corre¬ 
sponding with the position of the foetal, so-called choroidal 
cleft: such a coloboma is called typical. Colobomata are 
found in other directions, and are then atypical. Typical 
coloboma of the iris is often associated with typical coloboma 
of the choroid {q.v.) t and in some cases with coloboma of the 
lens. It is one of the commonest congenital malformations of 
the eye. 

Persistent Pupillary Membrane is due to persistence of part 
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of the anterior vascular sheath of the lens, a foetal structure 
which normally disappears shortly before birth. Fine threads 
stretch across the pupil, or may be anchored down to the lens 
capsule (Plate VI., Fig. 3). They are distinguished from post- 
inflammatory synechise in always coming from the anterior 
surface of the iris just outside the pupillary margin, i.e., from 
the position of the corona or circulus iridis minor. Such tags 
are of frequent occurrence and are of no pathological import¬ 
ance. They are commonest in babies and probably undergo 
further absorption as age advances, but many persist perma¬ 
nently.- Examination with the slit-lamp shows that minute 
remnants of the pupillary membrane are very common even in 
adults. 

The foetal pupillary membrane consists of a network of 
minute blood vessels supported by a very delicate stroma 
which contains pigment cells. Sometimes the pigment is left 
on the lens surface and persists. It forms a stippling of very 
fine brown dots scattered over a circular area 5 or 6 mm. in 
diameter in the centre of the pupil. These spots are distin¬ 
guished from pigment spots left by posterior synechise which 
have broken down (vide p. 262) in being much smaller, stellate 
in shape when magnified under the slit-lamp, much more 
numerous and very regularly arranged, and also by the absence 
of any concomitant signs of iritis. They do not usually 
interfere appreciably with vision. 

Tumours and Cysts of the Iris. 

Tumours of the Iris and Ciliary Body. See Chap. XX. 

Cysts of the Iris. Serous cysts of the iris sometimes occur, 
and are due to closure of iris crypts, with retention of fluid. Cysts 
of the retinal epithelium occur, due to accumulation of fluid between 
the two layers of retinal epithelium. They look like a bombe iris 
limited to parts of the iris—a limitation which is impossible in the 
case of true bomb6 iris ( q.v .). In these cases the posterior layer 
of epithelium is often adherent to the lenfi. Implantation of epithe¬ 
lium on the iris sometimes occurs after perforating wounds or 
operations, giving rise to pearl cysts or cholesteatomata. The 
epithelium may spread over the iris and line the whole anterior 
chamber, causing glaucoma. Many such cases are not true implan¬ 
tation cysts, but are due to downgrowth of epithelium from the 
conjunctiva occurring in badly healing wounds. Eyelashes are 
sometimes carried into the anterior chamber in perforating wounds 
p,nd lodge upon the iris. 



CHAPTER XIV 
Glaucoma 

Glaucoma is a symptomatic condition, not a disease sui 
generis. The characteristic physical sign is increased intra¬ 
ocular pressure. It will be clear from the description of the 
mechanism whereby the normal intraocular pressure is main¬ 
tained {vide p. 14) that increase may be due either to (1) 
jiuasased. production of lymph associated with normal or 
diminished outflow, or to (2) diminished outflow associated 
with normal or increased inflow. The factors which cause 
increased production of aqueous, such as increased permeability 
of the capillaries, brought about, perhaps, by the presence of 
histamine-like substances and by axon reflexes, are probably 
particularly effective in producing acute rises in the ocular 
tension, while slow or chronic conditions of raised tension 
are probably more usually due to defective outflow. It has 
been suggested that in some cases the vitreous plays a pre¬ 
ponderant part, but the rationale must remain speculative 
until our knowledge of the properties of the vitreous gel 
is further elucidated. 

Two great classes of cases in which the tension is pathologi¬ 
cally increased can be distinguished, viz., (1) those in which 
the tension is only moderately increased, in which the anterior 
chamber is deep, and in which there are more or less definite 
signs of inflammation of the ciliary body (Chap. XIII.); and 
(2) those in which all grades of increased tension are met with, 
in which the anterior chamber is shallow, and in which, though 
there may be"very evident signs of congestion and irritation, 
any definite signs of ciliary inflammation are either absent 
or secondary in onset. It is well to keep these two groups 
quite separate, since their pathogenesis is different and the 
differences in clinical course and treatment are marked. The 
term glaucoma should be limited to the second group. 

True glaucoma may be conveniently divided into two forms, 
primary and secoptlary. Since the pathology of secondary 
glaucoma has been fairly well elucidated and throws some light 
upon that of primary, the former will be considered first. 

Secondary Glaucoma. We have seen that’ the increased 
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Eu:. 1.— Disseminated choroiditis. 
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tension of irido-cyclitis can be explained by defective filtration 
of the aqueous at the angle of the anterior chamber owing to 
the viscous nature of the fluid, though capillary dilatation 
may play a part (vide p. 17). Secondary glaucoma is almost 
invariably associated with mechanical obstruction at the same 
spot. Usually the obstruction takes the form of adhesion of 
the iris to the back of the corneo-sclera. This peripheral 
anterior synechia causes the obliteration of the network of the 
ligamentum pectinatum iridis, and prevents the fluid from 
.gaining access to the canal of Schlemm. It is therefore 
imprisoned within the eye and the intraocular pressure rises. 
In order that this may occur it is necessary that the angle 
should be obliterated over a considerable part of its circum¬ 
ference, but there is a great tendency in most cases for the 
cause which has produced partial peripheral anterior synechia 
eventually to complete the circuit. In some cases in which 
secondary glaucoma supervenes there is no actual synechia, 
but the meshes of the ligamentum peetinatum are choked with 
leucocytes, pigment granules, fibrin, &c., so that filtration is 
inefficient. 

Though peripheral anterior synechia seems definitely to be 
the immediate cause of secondary glaucoma, it is itself 
produced by a variety of conditions, most of which are various 
forms of anterior or posterior synechia. 

When an anterior synechia is formed the plane of the iris 
is advanced, so that the angle of the anterior chamber on this 
side is made more acute than normal. The cause which led 
to the formation of the synechia also causes iritis, usually of 
the traumatic type. Traumatic iritis is merely a plastic iritis 
due to injury. In it much exudation is poured out, possessing 
great tendency to organise. It collects in the diminished 
angle and becomes transformed into fibrous tissue, which 
welds the iris and corneo-sclera together, thus producing a 
peripheral anterior synechia, which may be strictly localised, 
so that no secondary glaucoma supervenes. Such eyes, how¬ 
ever, are liable to fresh attacks of iritis, often of an insidious 
character. Each attack is followed by further occlusion of 
the angle, until finally the amount remaining open is insufficient 
to carry out efficient filtration and the pressure rises. 

The chief causes of secondary glaucoma are the following : 

(I) Perforation of the cornea with anterior synechia. The 
perforation may be due to an ordinary perforating wound of 
the cornea with incarceration of iris in the scar, or it may be 
due to a perforating corneal ulcer. The wound may be due to 
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an operation, e.g., extraction of cataract, for a peripheral sec¬ 
tion through the corneo-scleral margin or actually in the sclero¬ 
tic near the margin has a similar effect to a wound in the cornea. 
The synechia need not necessarily be of iris, but after cataract 
extraction is often one of the lens capsule, which has the same 
effect of advancing the contiguous parts of the iris and obliterat¬ 
ing the angle. Secondary glaucoma after operations may also 
be due to other causes ( vide p. 505). 

y v (2) Annular posterior synechia {vide p. 260). This acts by 
interposing an impermeable barrier between the posterior and 
anterior chambers. The lymph secreted by the ciliary body is 
thus prevented from passing forwards into the anterior chamber. 
The iris becomes bowed forwards—bombe—and the periphery 
becomes apposed to the corneo-sclera, where it later becomes 
adherent. aqueous is thus unable to escape from the eye 
and the tension rises. If the condition is not relieved by opera¬ 
tion secondary glaucoma causes blindness. The prolonged 
high tension then causes degeneration of the ciliary processes, 
which cease to produce so much fluid, so that finally the tension 
may be normal or even sub-normal, and the eye may shrink. 
The condition is relieved by iridectomy, or if this is impossible, 
by iridotomy, communication between the posterior and 
anterior chambers being thus restored. 

v (3) Wounds of the lens. When the lens is wounded it swells 
{vide p. 450), and pushes the iris forwards into contact with 
the corneo-sclera. Moreover the swollen lens matter in the 
aqueous impedes filtration through such part of the angle 
of the anterior chamber as remains open, both mechanically 
and also by increasing the albuminous content of the aqueous* 
Mere apposition is sufficient to produce permanent secondary 
glaucoma, which should at once be relieved by operation {vide 
p. 450). If it is not performed the iris becomes adherent to the 
corneo-sclera and the glaucoma becomes permanent, although 
the lens eventually may be absorbed. 

j { 4) Dislocation of the lens. This may be complete through 
the pupil into the anterior chamber. It then blocks the angle, 
especially if the iris is firmly contracted against its posterior 
surface. Partial lateral dislocation of the lens causes it to push 
forwards the iris on the side towards which it is dislocated. 
Since the circle of the equator of the lens is not much smaller 
than that of the angle a considerable portion of the latter may 
be blocked, and secondary glaucoma supervenes. 

^ (5) Intraocular tumour. The mechanism whereby this pro¬ 
duces secondary glaucoma will be described later {vide p. 425). 
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^ (6) Intraocular hwworrhage. Severe intra-vitreous or sub- <8) 
choroidal haemorrhage forces forwards the vitreous and lens 
so that the iris is pushed into contact with the cornea. It also 
acts by filling the eye with highly albuminous fluid which filters 
with difficulty. If the vessel which has ruptured is large the 
tension may be raised to that of blood pressure. 

A special type of glaucoma is sometimes met with after 
retinal hemorrhage, which may be due to some unknown cause 
or to thrombosis of the central vein {q.v.). It is probably caused 
by mixture of the lymph with albuminous fluids. Such cases 




Fig. 160.—Normal angle of anterior chamber. 

are sometimes grouped together under the designation hemor¬ 
rhagic glaucoma, a term which is however best avoided^ TEey 
maybemcCiBtmguishable from primary glaucoma if not seen 
until the media are too opaque for ophthalmoscopic examina¬ 
tion. lridejstpmy. M M > -by- severe' 

haemorrhage, and is therefore cqntra-indicated. 

Primary Glaucoma. The cause of primary glaucoma is 
unknown, but several factors are recognised as having a 
preTisposing influence. These factors may be considered 
under two heads—the type of person affected and the type 
of eye involved. WitfTregard toth'elype of person, primary 
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glaucoma is essentially a disease of late adult or advanced 
life. There is a certain racial tendency ancf it is common in 
Jews. It is sometimes hereditary, and in these cases affords 
examples of “anticipation” (Nettleship), i.e., it oceuraat an 
earlier age in each succeeding generation. It is commoner in 
women, who are more liable to venous congestion in various 
parts of the body. The acute manifestations of the disease 
are prone to occur in those who show an instability in their 
vaso-motor reactions and a weakness of a normal balance 



Fia. 161.—Peripheral anterior synechia (N), causing blockage of the 
filtration angle. A, cornea ; B, canal oi Schlemm ; E, ins. 

between the sympathetic and parasympathetic systems. 
Strain, overwork, anxiety and nervous shock are definite 
aetiological factors in this type of case. It would seem that 
a lack of the normal vasomotor control of the capillary 
circulation of the eye is an essential factor in many cases. 
On the other hand more chronic cases are frequently 
associated with arterio-sclerosis and vascular degeneration. 
There is, however, no significant correlation between a high 
blood pressure and the incidence of glaucoma for it is to be 
remembered that a high systemic pressure is often associated 
with a low capillary pressure. 
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The type of eye is also of significance. Hypermetropic eyes 
are moffITsusceptible than those with normal or myopic refrac¬ 
tion, due to the fact that a hypermetropic eye, although not 
necessarily so, is usually small. In such an eye the size 
of the lens is of considerable importance. Priestley Smith 
originally pointed out that since the lens continues to grow 
throughout life (vide p. 9) the space between the equator of 
the lens and the ciliary processes, the circumlental space, will 
become smaller as the patient becomes older. Since the 
size of the lens varies a little with that of the eye, if the eye 
Is small this space may become so diminished that slight 
congestion of the ciliary processes may bring them in contact 
with the lens. The effect will be to prevent the fluid 
formed by the ciliary body from passing forwards through the 
pupil. The lens will therefore be forced forwards, and will push 
the iris in front of it, making the anterior chamber very shallow, 
and bringing the periphery of the iris in contact with the 
eorneo-sclera. In this manner the filtration angle will be 
occluded and glaucoma will supervene. 

It has been found that the size of the cornea is a good 
criterion of the size of the ring formed by the ciliary processes, 
i.e., of the circumlental space. 

A further point is that as age advances the anterior 
chamber becomes shallower. This will have the effect of 
diminishing the size of the angle of the anterior chamber, 
and still more so if the cornea is small. Filtration is carried 
out less easily when the meshes of the ligamentum 
pectinatum iridis are crowded together than when they are 
widely separated. Moreover the fibres of the Ugamentum 
pectinatum tend to become thickened and sclerosed in elderly 
people. In these eyes a very slight further diminution of 
the angle may bring on an attack of glaucoma. Thus, 
the mere dilatation of the pupil with a mydriatic, by folding up 
the iris so that it is crowded into the angle, may suffice to 
occlude it entirely; hence the extretne danger of instilling a 
mydriatic into the eyes of elderly people, especially if they are 
hypermetropic or have small corneas and shallow anterior 
chambers. 

Since both eyes usually have a similar structure, glaucoma 
is likely to be bilateral, but one eye is generally affected before 
the other. 

In summary, therefore, it may be said that glaucoma 
tends" f 6 occur in elderly persons who show either vascular 
instability or sclerosis; and the eyes affected are usually 
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hypermetropic with a small cornea, a (relatively) large ..lens 
with sclerosis of the pectinate ligament. 

. The 

-pressure are as follows. The already shallow anterior chamber 
is^ma3?‘StiH more shallow. In an early acute attack the peri¬ 
phery of the iris is merely apposed to the comeo-sclera. In 
the later stages and in chronic glaucoma of some standing it is 
firmly adherent. The longer the condition has lasted the firmer 
is the union. The iris is first bound down by organised exudate; 
later, the iris stroma atrophies and the inner wall of Schlemm’s 
canal, which may be almost obliterated, is covered only b) 
degenerated retinal pigment epithelium. Anterior to this a 
“ fgdse ” angle is formed where the iris leaves the cornea ; no 
filtration can take place either through the peripheral anterior 
synechia or through the false angle. 

The part tff the eye which suffers earliest and most from the 
increased pressure is the head of the optic nerve. The lamina 
cribrosa, which is more resistant than the nerve tissue, is less 
resistant than the sclerotic. Hence it becomes pushed back¬ 
wards, the nerve fibres being depressed also. The first mani¬ 
festation of the effects of pressure is a bowing backwards of 
the connective tissue which forms the lamina cribrosa, so that 
it becomes concave anteriorly instead of passing straight across 
the porus opticus. This effect continually increases, until the 
lamina cribrosa is displaced backwards as a whole. Meanwhile 

the nerve fibres 
have been pressed 
together, so that 
the papilla becomes 
flat or depressed.' 
The pressure causes 

Fig. 162.—A, diagram of meridional section of the nerve fibres to 
normal disc ; B, diagram of meridional section atrophy, SO that 
of glaucomatous cupped disc. Note the die- finally the lamina 
plaoemeDt backwards of the lamina cribrosa. cribr 4 a is expoBed 

upon the surface. In the final stage a deep cup is formed, 
generally having overhanging edges. 

The steady or recurrent", often only moderately raided pres¬ 
sure of chronic glaucoma is more liable to cause cupping of the 
disc than the rapidly induced high pressure of acute glaucoma. 
Hence'the disc may appear normal after the relief of acute 
glaucoma by operation. It must be remembered, however, 
that the acute attack may be superposed upon a long-standing 
chronic glaucoma. 
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Pulsation of the arteries at the edge of the disc is often seen 
in glaucoma. While venous pulsation is of little importance, 
spontaneous arterial pulsation is always pathological {vide 
p. 127). It is not always spontaneous in glaucoma if the tension 
is not very high, but even then it is induced by very slight 
pressure of the finger through the lid. The arterial pulsation 
is due to the increased pressure upon the walls of the vessels, 
so that the intravascular pressure is only able to force blood 
through at the height of the cardiac systole. 

Other parts of the eye show less change. The pressure 
causes degeneration of the nerve fibre layer of the retina. 
The choroid becomes degenerated and thinned, only the larger 
vessels remaining. The ciliary body becomes degenerated in 
the last stages, after which the tension may cease to be raised 
owing to defective secretion of lymph. 

The subjective effects of pathological increased^ intraocular 
pressure are manifold. Pain is complained of, due to stretching 
of the sensory nerves of the eye. The patient sees coloured 
haloes round lights; 
these are due to 
alteration in the re¬ 
fractive conditions of 
the corneal lamellae. 

The colours are 
generally distributed 
as in the spectrum, 
with red at the outer 
margin in the ring. 

The pwpil becomes 
»slightly dilated and 
immobile, owing prob¬ 
ably to oBdema and 
pressure on the 
ciliary nerves as they 
run through the 
choroid. Rapid 
diminution in the 
amplitude of accom¬ 
modation may be a prominent feature, so that there is 
an apparent increase in presbyopia. It is attributable to 
pressure on the ciliary nerves and on the ciliary muscle. 
Diminution of vision is due to cloudiness of the media, 
retardation of the blood flow, and pressure on the nerve 
fibres in the retina and optic papilla. Cloudiness of the 
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media affects the cornea principally, and is due in the 
early stages to altered refractive conditions, in the later to 
oedema. Pressure on the nerve fibres first affects the 
temporal side of the retina, and therefore the nasal side of 
the field. Later, the field becomes contracted in all direc¬ 
tions, and central vision is depressed. Finally, vision is 
abolished, owing to total atrophy of all the fibres. 

A aU $ Glaucoma* In even the most acute cases of glaucoma 
careful inquiry will often elicit prodromal symptoms. 
Transient attacks of obscuration of vision, as if a cloud 
were in front of the eye, have occurred. Bright lights havq 
appeared to be surrounded by rainbow haloes. A feeling of 
discomfort in the eye and neuralgic headache accompany 
these symptoms. Such attacks become more frequent, come 
on especially at night and after excitement or worry. It is 
noticed that,, stronger glasses are required for near work. 
This condition may extend over months or years. 

If the patient is examined while the symptoms are present 
it will be found that there is a slight haziness of the cornea, so 
that it looks bluish, like glass that has been breathed upon— 
hence the term glaucoma (yXauKos, sea green). If the field of 
vision is taken between the attacks some slight contraction of 
the nasal field may be found, but central vision may be perfect. 

The acute attack sets in suddenly. It may be due to some 
condition inducing venous congestion, e.g., constipation, men¬ 
struation, over-feeding, alcohol, &c., or to worry, fatigue, a 
recent illness, or to the instillation of a mydriatic. The pain 
and anxiety of acute glaucoma in one eye may induce an attack 
in the other. Intense pain is felt in the eye and over the dis¬ 
tribution of the fifth nerve. The pain is frequently so bad that 
it causes vomiting, and the attack is liable to be mistaken for 
a severe “ bilious attack.” The temperature may be raised. 
The constitutional disturbance is often so great that the patient 
is prostrated, the pulse becoming irregular and intermittent. 
The vision rapidly diminishes, so that in a few hours only hand 
movements can be recognised. In a considerable number of 
cases both eyes are affected almost simultaneously. 

Objective examination shows some oedema of the lids and 
conjunctiva ; the latter is intensely congested and looks dusjsy 
red, owing to the dilatation of the veins. Ciliary congestion 
is marked- The cornea is cloudy and insensitive to the touch. 
The anterior chamber is very shallow. The iris is discoloured, 
the pupil moderately dilated and oval, generally with the long 
axis vertical. The reactions to light and accommodation are 
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abolished. Ophthalmoscopic examination is impossible owing 
to the cloudiness of the cornea. The tension of the eye is 
considerably raised. 

There is no true inflammation in the early stages, so that 
the term inflammatory glaucoma, frequently used, is inad¬ 
visable ; it should be replaced by congestive glaucoma. The 
condition is probably due to a widespread capillary dilatation 
in the uveal tract, caused in part, perhaps, by the liberation 
of histamine in the tissues. This view is supported by the 
proved presence of histamine in the aqueo is and vitrious in 
Che glaucoma of epidemic dropsy in India (Kirwan). This 
would account for the failure of adrenaline and its com¬ 
pounds (glaucosan, lsevo-glaucosan) to relieve the congestion 
(vide p. 17); it would also account for the failure of 
choline derivatives, e.g., doryl, and histamine in # the form of 
amino-glaucosan (vide p. 64). 

If the condition is not relieved by operation, the amount of 
permanent diminution of vision depends upon the severity 
and duration of the acute attack. Total abolition of vision 
may result. More frequently improvement occurs, ushered 
in by diminution of pain. Considerable lowering of the visual 
acuity, and, still more, contraction of the field, follows every 
acute attack. All grades, indeed, may be met with, from the 
mild prodromal attacks to the severest, with complete blindness. 
The tension remains permanently slightly elevated. Some 
congestion and irritability persist. The pupil reacts sluggishly, 
and the iris shows signs of atrophy, usually first in one or more 
sectors. Ophthalmoscopic examination now becomes possible. 
Cupping of the optic disc may or may not be found, according 
to the duration of the raised tension before and after the acute 
attack. A single acute attack is not followed by cupping imme¬ 
diately, for this demands more or less prolonged high tension. 

In every disease of one eye the other should be thoroughly 
examined. In acute glaucoma it may be found that chronic 
glaucoma has existed long unobserved in the other eye, and 
well-marked cupping of the disc may be present. The same 
causes which induced the acute attack in one eye may rapidly 
induce a similar attack in the other. The pain and worry 
associated with preparations for operation and so on increase 
the danger. This eye should therefore be carefully watched, 
and prophylactic measures adopted. It is usually sufficient 
to instil a drop of 0 5 per cent. aolution of eserinein the sound 
eye every day so as to keep the pupil contracted* 

It is of the utmost importance that pathological cupping 
»xs. or an. 10 
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of the disc should always be recognised when present (Plate 
VIII., Fig. 2). When fully developed it differs in ophthalmo¬ 
scopic appearance from a deep physiological cup, with which it 
is most likely to be confounded, in that the excavation reaches 
to the edges of the disc and the sides are steep, not shelving. 
The retinal vessels have the appearance of being broken off at 
the margin of the disc. If they are accurately focussed here 
their continuations upon the floor of the cup are slightly out of 
focus and look broader and paler. When the edges overhang, 
as is often the case, the course of the vessels as they climb the 
sides of the cup is .hidden. By the indirect method slight 
lateral movement of the large lens causes a distinct parallax 
{vide p. 117), which is more marked the deeper the cup. By 
the direct method the difference in level between the vessels 
at the edge and on the floor can be measured {vide p. 121). 

There is always some atrophy of the optic nerve when the 
disc is cupped by the glaucomatous process; it is therefore 
not surprising that there may be great difficulty in distinguish¬ 
ing a shallow glaucoma cup from the slight depression which 
follows, simple atrophy of the nerve without increase of 
tension {vide p. 401). If the cup is deep and total it is certain 
to be glaucomatous, except in the rare cases of ectatic coloboma 
of the disc {q.v.). In shallow glaucomatous cups the disc 
has a pink colour, whereas the atrophic cup is white. In 
many early cases all the conditions have to be weighed care¬ 
fully before it is possible to come to a definite conclusion ; the 
field of vision usually affords the most important criterion, 
the contraction being chiefly nasal in early glaucoma, con¬ 
centric in optic atrophy. 

The final stage of the untreated disease is absolu te glaucoma. 
The eye is completely blind. The anterior ciliary veins are 

dilated, and a reddish blue 
zone surrounds the cornea. 
The cornea is clear, but 
insensitive; it may have 
vesicles (bullous keratitis) 
(Fig. 148) or filaments (fila¬ 
mentary keratitis) upon 
Fig. 164.—Diagram showing intercalary it. The anterior chamber 
*e&on. is very shallow. The iris is 

dilated^ atrophic, and may have a broad zone of pigment 
around the pupil (ectropion of the uveal pigment). The 
pupil is grey or greenish, instead of jet black. The optic 
disc is deeply cupped. The' tension is high; usually the 
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eyeball is as hard as stone. Such an eye is generally painful, 
with temporary exacerbations, though patients often prefer 
to bear the pain rather than submit to excision. If it is 
still retained degenerative changes occur. The more im¬ 
portant are due to giving way of the sclerotic before the 
continued high intraocular pressure. In this manner scleral 
staphylomata are produced. They may be in the neighbour¬ 
hood of the ciliary body—ciliary staphylomata, or at the 
equator—equatorial staphylomata. 

• Anatomical investigation shows that ciliary staphylomata 
are of two kinds. In one, the region where the iris is adherent 
to the comeo-sclera gives way (Fig. 164). These are called 
intercalary staphylomata (Fig. 165). In them the iris projects 
into the anterior chamber from an attachment at the anterior 



Fig. 166.—Diagram showing inter¬ 
calary staphyloma. 



Fig. 166.—Diagram showing true 
ciliary staphyloma. 


margin of the staphyloma, while the ciliary body, little 
altered, forms the posterior margin. The other form is the 
true ciliary staphyloma (Fig. 166). In this the region of the 
ciliary body itself gives way, so that it becomes spread out 
over the inner surface of the ectasia. In many cases both 
parts become ectatic. Clinically it is impossible to distinguish 
between these forms. 

Equatorial staphylomata can only be seen clinically when 
the eye is turned well to one side and the lids separated. 
The thinning and bulging of the sclerotic occurs principally 
at the spots which are weakened by the perforation of the 
vortex veins and are unsupported by the recti muscles. Such 
globes may become enormous, with walls as thin as paper. 
There is considerable danger of rupture from slight injury. 

Sooner or later the tension becomes normal or diminished 
in eyes with absolute glaucoma. This may be due either to 

to—* 
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stretching of the walls as already explained, or to degeneration 
of the ciliary body, whereby its secretory functions are dimi¬ 
nished or abolished. Usually both factors play a part, varying 
according to the particular case. Such an eye may even shrink, 
but more commonly ulceration of the cornea occurs, owing to 
the defective resistance of the degenerated tissues. Hypopyon 
ulcer, panophthalmitis, phthisis bulbi then form the sequence 
of events. 

Diagnosis. Acute glaucoma is more likely to be mistaken 
for iritis than any other disease. The differential diagnosis 
has already been discussed (p. 261). 

Treatment. Acute glaucoma demands immediate energetic 
treatment. It is imperative that the tension shall be re¬ 
duced as soon as possible. Theoretically this is best and 
most permanently effected by immediate operation, as in 
many cases other measures fail. The moment is, however, an 
unfavourable one for operation. The conjunctiva is chemosed, 
the anterior chamber is extremely shallow, there is no time for 
exhaustive preparations, and general or retrobulbar anaesthesia 
will be necessary owing to the impermeability of the stretched 
cornea to local anaesthesia. Owing to the constitutional dis¬ 
turbance and the irregular action of the heart, one may feel 
diffident about giving a general anaesthetic in these cases. 
The danger is liable to be over-estimated. 

It is permissible to try other remedies for a short time first. 
It is first essential to draw the congested iris away from the 
filtration angle. Miotics, in addition to this result, relieve 
vascular congestion and oedema by their yasodilatatory 
effects. Eserine (1 per cent,) is instilled into** the * affected 
eye at five minute^’ intervals for half an hour, and then 
hourly, until the intraocular pressure is reduced or an 
operation becomes imperative. Eserine (| per cent.) should 
be instilled into the other eye and continued twice daily 
during the critical state of the affected eye. The action 
of eserine is assisted by medical diatherm y. An eye pad,< 
composed of layers of cottonwool wrung out in warm 
saline and applied evenly to the closed lids, is attached 
through a special headband to one of the electrodes, the other 
being bound to the arm. The current is slowly increased 
until the heat is as strong as the patient can bear. This is 
generatfy between 300 and 600 milliamperes : it is maintained 
at this reading for five minutes and then slowly reduced to 
zero. An injection of morphia (gr. |) also helps to relieve pain,( 
and acts as a miotic. 
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Rectal administration of 6 ounces of 50 per cent, mag¬ 
nesium sulphate is more efficacious in reducing the intraocular 
pressure than the intravenous injection of hypertonic saline 
(50 c.c. of 30 per cent, sodium chloride), which is not free 
from risk, especially in patients with albuminuria. 

The application of leeches to the temple assists the reduc-( 
tion of congestion. Hot bathings are given hourly in the 
intervals of diathermy, which is not used more than twice 
a day. 

# Even if the results are satisfactory trephining must be 
performed when the eye is quiet. If it is imperative to operate 
in the acute stage, i^ ^tQffly should be performed, not 
trephining. There is, indeed, one objection to palliative 
and non-operative treatment, even when it is successful, 
viz., that the patient may refuse the radical operation when 
the acute stage has passed off. In cases in which this is to 
be feared, it is advisable in the patient’s interest to perform 
the operation at once. On the other hand the ultimate result 
is more satisfactory if trephining can be done—for one reason 
because it causes less astigmatism than iridectomy. If there 
Bhouid be a lacrymal jpucQcele {vide p. 653) present both 
canaliculi should be ligatured, or the puncta cauterised with 
the actual cautery. If both eyes are affected, both should be 
operated upon at the same sitting. In no other disease is this 
procedure indicated or even justified. 

If the intraocular pressure remains high in spite of treatment 
an immediate operation is necessary. The classical operation 
is iridectomy {vide p. 4761 . and the results have usually been 
very "good. It has the disadvantage of causing some astig¬ 
matism, which is avoided by trephining; but owing to the 
extreme congestion of the eye the technical difficulties of the 
latter operation are increased. These, however, have been 
much reduced with modern methods of anaesthesia by intra¬ 
venous sodium pentothal, which lowers the blood pressure 
and incidentally the intraocular pressure also. It is possible 
to prevent a sudden reduction of the intraocular pressure by 
withdrawing the trephine very slowly. A wide peripheral 
iridectomy should be done, leaving the sphineter pupillse 
intact. 

Iridectomy was first tried for glaucoma by von Graefe 
(1856) on the erroneous theory that as it lowered the tension 
of the normal eye (which is not true) it would be beneficial 
in glaucoma. The true explanation of the efficacy of iridec¬ 
tomy in glaucoma is that it reopens the angle of the anterior 
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chamber and thus restores filtration. In acute glaucoma the 
iris is at first merely apposed to the comeo-sclera at the 
periphery. The manipulations draw it away. Part of the 
iris is then tom away at its ciliary attachment, and the angle 
of the anterior chamber is reopened in this situation. There is 
some reason to think that fluid is absorbed by the cut edges 
of the coloboma, for wounds of the iris do not heal by cica¬ 
trisation, the lymph-spaces of the stroma always remaining 
continuous with the anterior chamber at the cut margins. 

In abgol^teM^ucoma pain is best relieved by hot bathing 
and infernal administration of aspirin. If possible consent 



Fro. 107.—Normal fields with tests as follows:—10/300, 0/2000, 
3/2000 (vide p. 141). (A. H. H. Sinclair.) 

should be obtained to exfetfcise the eye. If this is refused the 
pain may be relieved for a time, varying in different cases, by 
a retro-ocular injection of 1,5 c.c. of novocain (4 per cent.), 
followed seven minutes later by alcohol (80 per cent.). A 
firm pad and bandage is applied for twenty-four hours. If the 
pain recurs this treatment can be repeated. It is rarely 
justifiable to trephine or perform any other operation merely 
for the relief of tension in these eyes, since there is nearly 
alwayB H risk that the cause of the glaucoma may be an intra¬ 
ocular malignant growth, usually sarcoma of the choroid. 

Chronic Glaucoma, sometimes called simple elaucoma. is 
fundamentally the same disease as acute primary glaucoma; 
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every grade of severity is met with, but the more chronic 
formB are so insidious that special attention must be directed 
towards their discovery. 

The patient usually complains, of transient attacks of 
obscuration of sight, ancTof gradually diminishing acuity of 
vision; but in some cases there may be no history of haloes 
and the diminution of vision is continuous and very insidious. 

The eyes may appear perfectly normal at the first examina¬ 
tion, though sometimes the anterior ciliary veins are congested, 
,and the pupil iB somewhat dilated and sluggish. An abnormally 
small cornea should draw attention to the possibility of 
glaucoma, and hypermetropia increases the probability. The 



Fig. 168.—Field of vision in com- Kia. 169. — Glaucoma fields with 
meneing glaucoma, showing double sector defect and arcuate scotoma 
arcuate scotoma and quadrantic do- (5, 2/330). 
feet (5/330). 

tension may be quite normal, and is found to be elevated only 
during an attack of cloudy vision. Hence it may be necessary 
to examine the patient frequently and at various times in the 
day, especially during such attacks. 

Subjective examination will often reveal no diminution of 
central vision. Hence it is of the utmost importance to take a 
careful chart of the field of vision. The commonest change is 
partial loss of the nasal field, often accompanied by some general 
contraction (Fig. 168). The change in the nasal field may be 
regular in outline, or there may be indentations with the apex 
directed towards Hie fixation spot. Such sectorial defects may 
be above or below. In later stages the general contraction is 
more marked, and eventually only a paracentral patch of the 
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temporal field persists, central vision being abolished. Partial 
scotomata are to be found by special means before nasal con¬ 
striction occurs, or when it is only slightly developed. If the 
central area of the field is mapped out on a Bjerrum’s screen 
(vide p. 143), or with a suitable scotometer, an area of relative 
defect can frequently be traced in direct continuity with the 
blind spot (Bjerrunds scotoma ). The scotoma may pass in an 
arc from the blind spot above or below the fixation point, or 
may form a complete annular scotoma. It is due to injury of 
bundles of nerve fibres at or near the edge of the disc. The, 
destruction of these fibres is also said to account for a charac¬ 
teristic sharply defined horizontal edge to the lost portion of 
the field on the nasal side ( Ronne’s step ) (Figs. 168,169). The 
earliest sign of all is said to be a sickle-shaped extension of the 
blind spot above or below, or both, with the concavity of the 
sickle directed towards the fixation point (SeideVs sign ); this 
is of more doubtful significance. Paracentral scotoma may 
persist with a full peripheral field for months or even years, 
but eventually the characteristic constriction of the nasal field 
sets in, and then often progresses rapidly. A relative central 
scotoma sometimes follows rapidly on the development of the 
paracentral scotomata: the prognosis is worse in these 
cases. 

Defective light sense is probably always an early feature 
of chronic glaucoma. The light-minimum is raised and dark 
adaptation is slowed, so that patients take longer to get used 
to the lower degree of illumination in passing into a dimly 
lighted room, a disability which becomes increasingly dis¬ 
turbing in the later stages. 

Ophthalmoscopic examination will often show some cupping 
of the disc ; frequently it is far advanced, though the symptoms 
have been so slight as to have passed almost unnoticed. The 
field in nearly all these cases will be found to be much 
damaged. 

Primary glaucoma invariably attacks both eyes sooner or 
later; usually one is considerably more advanced than the 
other. The chronic form sometimes occurs in young people, 
and seems to attack men almost as frequently as women. It 
also occasionally occurs in myopic eyes. 

#i . There is no evidence that chrome glaucoma is due to 
increased blood pressure, though, so frequently occurring in 
elderly patients, it is often associated with it. Although the 
intraocular pressure responds passively to :apid changes in 
the general blood pressure (vide p. 19), slow changes are com- 
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pensated and a fresh equilibrium of secretion and excretion 
is established. 

Diagnosis. Chronic glaucoma has frequently been mistaken 



Fig. 170. —The oourse of the nerve fibres in the retina: showing 
fibres involved by lesions at A and B. 


1 



Fig. 171.—Arcuate scotomata in field of vision corresponding to 

lesions A and B. 

for cataract or optic atrophy. Cases occur in which the gradual 
loss of Vision is attributed to cataract, and the patient is told 
that nothing can be done until the cataract is ripe for opera¬ 
tion. Vision is thus irretrievably lost. As a rule diagnosis is 
very easy. The haze of the pupil is bluish, diffuse and uniform. 
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unlike the usual appearance in cataract. The pupil may be 
slightly dilated and generally reacts less to the stimulation of 
light. Examination with the ophthalmoscopic mirror in most 
cases renders the diagnosis certain by showing a uniform red 
reflex and the absence of opacities in the lens. 

Doubt as to the presence of glaucoma may arise in cases 
with senile strise in the lens. In patients predisposed to 
glaucoma the swelling of the lens which occurs in the early 
stages of cataract (vide infra) may lead to increase of the intra¬ 
ocular tension. The disc is not usually cupped in these cases, 
but there is generally more failure of vision than is accounted 
for by the lenticular opacity, and the field of vision may show 
contraction on the nasal side; the reaction of the pupil to 
light may be sluggish. In such cases it is advisable to do a 
preliminary iridectomy, which should be of the glaucoma type 
with a large and peripheral coloboma. 

Cupping of the disc in glaucoma is accompanied by atrophy 
of the nerve fibres, and it may be difficult to distinguish this 
atrophy from optic atrophy due to other causes, especially 
those giving rise to what is known as “ primary ” optic atrophy. 
The latter condition shows some depression of the surface of 
the disc which is usually too slight to be actually measured by 
the ophthalmoscope, but is demonstrated by the bending of 
the vessels as they pass over the edge of the disc. The depres¬ 
sion is greater in most cases of chronic glaucoma. In cases 
which give rise to difficulty in diagnosis little aid is afforded 
by the tension of the eye, which may be normal or inappreciably 
raised at the time of examination. Reliance must ba placed 
upon the history of the case, the condition of the cornea and 
anterior chamber, and the record of the field of vision. The latter 
shows concentric constriction in primary optic atrophy, more 
marked contraction of the nasal side in glaucoma. Accurate 
mapping out of the blind spot and the central region of the 
field on a large scale reveals changes in glaucoma (vide supra) 
which do not occur in optic atrophy. 

'FsSQttJwyti- As soon as the diagnosis is made miotics, 
pilocarpine (£ per cent.) or eserine (} to J per cent.) twice a 
day, should be instilled. The eyes may be kept under observa¬ 
tion for a time unless the disease is far advanced. If miotics 
„ control the intraocular pressure or if the loss of the 

visual field continues to progress operation must be under¬ 
taken. Miotics never cure chronic glaucoma. Hence they 
must be adopted only as a temporary means' of alleviation or 
as useful adjuncts. They cause some conjunctival and ciliary 
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congestion if used constantly. Pilocarpine is the less irritating, 
but perhaps less efficient. If these fail “ doryl,” a choline 
derivative, may be used in 0*75 per cent, solution. Gentle 
massage with the finger-tips is certainly useful, promoting 
lymph-flow, and temporarily reducing tension. 

Until a few years ago iridectomy was the operation invariably 
performed for the relief of chronic glaucoma. The prognosis of 
iridectomy, however, is not nearly so good as in the acute form, 
owing to the fact that the periphery of the iris is often firmly 
„ adherent to the comeo-sclera before the condition is diagnosed. 
Hence a special endeavour was made to open up the occluded 
angle. If the section is made at the apparent comeo-scleral 
margin, when the iris is tom away it is almost certain to tear 
at the false angle, and little or no good results. It was cus¬ 
tomary, therefore, to make the section as peripheral as is con¬ 
sistent with safety to the ciliary body, i.e., 2 mm. behind the 
comeo-scleral margin, with the object of carrying the incision 
through the adherent parts of the iris. It must be confessed 
that this object was seldom if ever attained. 

It was found, however, that this method of performing 
iridectomy sometimes succeeded in spite of the impossibility of 
restoring the normal method of filtration. It effected this by 
establishing a filtering scar. The new scar in these cases is 
composed of spongy tissue, through the interstices of which the 
intraocular fluid is able to make its way into the subconjunc¬ 
tival tissue, where it is absorbed. 

Deliberate attempts have therefore been made to establish 
a safe filtering scar for the relief of chronic glaucoma. Such a 
scar is usually formed only if there is some impediment to 
proper cicatrisation, as, for example, when the iris is incar¬ 
cerated in the wound {iridendeisis). There is some danger in 
leaving a knuckle of iris in the wound when doing an iridectomy, 
since such a procedure involves grave risks of iridocyclitis, 
secondary infection of the eye, and sympathetic ophthalmia. 
Good results, however, have been obtained by Holth’s 
method. 

In an ordinary comeo-scleral section the lips of the wound 
are in good apposition and sound healing rapidly takes place. 
This is much less likely to occur if there is a gap between the 
lips of the wound. Under these conditions the gap becomes 
filled with loose scar tissue and a filtering cicatrix may result. 
Various operations have been based upon this principle. In 
Lagrange*s operation an ordinary iridectomy is performed, but 
Before closing the wound a small piece of the anterior lip is 
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snipped off without wounding the conjunctival flap. In 
Herbert's operation a small rectangular trap-door is cut in the 
sclerotic just outside the limbus, the hinge being towards the 
cornea. A circular wound in the sclerotic offers the best 
chance of success theoretically. 

Trephin ing is the operation which is now generally performed 
for chronic glaucoma (vide p. 482). By it a disc 1*5 mm. in 
diameter is removed from the wall of the globe just inside the 
limbus, so that part lies in the cornea and part in the sclerotic. 
The knuckle of iris which prolapses into the wound should be 
excised, so that a small peripheral iridectomy is performed. 
If a larger disc is removed there is danger of the tension 
becoming permanently too low, with the risk of malnutrition 
of the eye. The operation sometimes fails from blockage of the 
wound with iris or too dense scar tissue. Filtration may be 
encouraged by gentle massage of the eyeball through the upper 
lid. Secondary infection of the eye is liable to occur from injury 
of the epithelium covering the bulging conjunctiva, but it is 
rare and is a risk which may be taken justifiably in treating so 
grave a disease as glaucoma. If trephining fails it can be 
repeated at. some other part of the limbus, but the wound 
should always, if possible, be placed where it is covered and 
supported by the lid, though it should not be too close to the 
previous site. 

Trephining is uncertain in its results and is liable to be com¬ 
plicated with serious dangers, both immediate and remote, 
yet in my opinion it affords the best means on the whole yet 
devised for dealing with chronic glaucoma. It seldom causes 
any improvement in vision or in the field of vision, but it 
usually prevents further loss. 

In very advanced cases the field of vision may be found 
reduced almost to the fixation point. Experience teaches that 
in these cases operation may not only do no good, but may 
result in the sudden complete loss of all vision. After explain¬ 
ing this risk to the patient it is still advisable in most cases to 
perform the operation, because this unfortunate result is rare, 
and in any case the eye will become blind and probably painful 
unless the tension is relieved. 

Since glaucoma always occurs in the other eye sooner or 
later the question of a prophylactic operation in this eye arises. 
Since it is attended by some danger, both immediate and 
remote, and since the advent of glaucoma may be long delayed, 
it is inadmissible to operate until some slight contraction of 
the nasal field can be demonstrated. The greatest care must 
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be taken to warn the patient of the danger of the disease 
attacking the other eye, and of the 
earliest symptoms. He should be 
examined thoroughly and the field of 
vision taken every three months, and 
he should be instructed to consult 
the surgeon at once if any signs of 
the disease occur. Weak pilocarpine 
or eserine drops may be used every 
-other day as a prophylactic measure, 
and the general regime should be 
ordered so as to avoid cerebral con¬ 
gestion. He should also be warned 
against putting drops, lotions, or 
ointment of any kind into his eyes 
without the advice of an ophthalmic*, 
surgeon. 

When one eye has been almost 
or quite lost at the time of the 
first visit it becomes a serious ques¬ 
tion whether the better eye should 
not be operated upon rather than 
the worse. Many such difficulties 
arise in the treatment of glaucoma, 
and can only be decided by the conditions of the individual 
case. 

Chronic glaucoma may arise in an eye with incipient 
cataract. Although trephining introduces a serious com¬ 
plication to subsequent extraction of the lens ( vide p. 316) it 
should be performed in the usual way and in the usual situation. 
When the extraction is done later the upper part of the section 
should be.in the cornea, slightly anterior to the trephine 
hole. 

Cyclodialysis may be used to reduce the intraocular pressure 
in cnrohic glaucoma. It has been most successful in aphakic 
eyes; it should not be used in congestive cases. By it a channel 
is opened up between the anterior chamber and the supra- 
choroidal space. An incision about 3 mm. long is made in the 
sclera 4 mm. behind and concentric with the corneo-scleral junc¬ 
tion in the lower temporal quadrant. A spatula specially curved 
to fit the inner aspect of the sclera is inserted and passed forwards 
between the scleral spur and the ciliary body into the filtration 
angle. Here it is swept transversely through a small arc, breaking 
down the ligamentum pectinatum and adnesions between the root 



Fig. 172.—Diagram of eye 
with infantile glaucoma 
(buphthalmia). Note the 
stretching of the comeo- 
solera at the periphery, the 
flattening and displacement 
backwards of the lens, the 
cupping of the disc, and 
the general enlargement of 
the globe. 
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of the iris and the cornea. A conjunctival flap is sutured over the 
wound. 

Infantile Glaucoma (Syns. — Bupkthalmia, Hydrophthalmia). 
Glaucoma in rare cases attacks children, when it assumes a 
quite different clinical appearance. It arises from congenital 
blockage of the angle of the anterior chamber, due either to a 
congenital defect whereby the root of the iris does not become 
normally separated from the comeo-sclera or becomes adherent 
to it through intra-uterine or infantile inflammation. In many 
cases examined microscopically Schlemm’s canal has been 
found defective or absent. The fundamental condition is 
therefore the same as in glaucoma in adults, viz., defective 
filtration of lymph from the eye. The reason why it assumes so 
different a clinical picture is dependent upon the greater plas¬ 
ticity and extensibility of the walls of the young eye. Instead 
of offering an insuperable resistance to increased internal 
pressure the sclerotic gives way more or less uniformly, so that 
the globe becomes very large. 

The thinned sclerotic of the ciliary region is bluish in colour, 
owing to the uveal pigment showing through. The junction 
of the cornea and sclerotic also stretches, so that the cornea is 
forced forwards and assumes a globular shape (keratoglobus). 
The anterior chamber is therefore extremely deep (Fig. 172). 
There are often slight opacities in the cornea, some appearing 
as lines with double contour ; these are due to ruptures in 
Descemet’s membrane. In a considerable number of cases 
signs of keratitis develop accompanied by photophobia, and 
circum-corneal congestion associated with extensive opacities 
in the substantia propria, interfering considerably with the 
vision and precluding ophthalmoscopic examination. When 
first seen these cases may resemble an inflammatory con¬ 
dition. The lens does not participate in the general 
enlargement; owing to the expansion of the ciliary region 
the suspensory ligament is stretched so that the lens is 
flattened and displaced slightly backwards. This removes some 
support to the iris, which becomes tremulous (iridodonesis). 
The optic disc is deeply cupped if the condition has lasted long. 

The intraocular tension is raised, but often scarcely appre¬ 
ciably as determined by clinical methods, owing to the expan¬ 
sion of the globe. This fact long prevented the true pathology 
of the disease from being recognised. 

As a result of the expansion the eyes are usually myopic, 
though much less than might be anticipated from their length. 
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This is due to the flattening of the lens and its displacement 
backwards, as well as to some flattening of the cornea, all of 
which factors tend to counteract the axial myopia. There is 
usually astigmatism against the rule, owing to pressure by 
the lids on the plastic globe. 

Both eyes are generally affected, and buphthalmia occurs 
in boys more often than in girls. Equilibrium may be estab¬ 
lished with no further loss of vision, but in other cases rapid 
deterioration occurs after puberty, perhaps due to increased 
rigidity of the walls. 

Buphthalmia occurs frequently associated with neurofibro¬ 
matosis (vide p. 647), and also with capillary naavus of the 
face and angiomatous conditions of the choroid and brain 
(vide p. 365). 

Buphthalmia is to be distinguished from keratoglobus (q.v.). 

Treatment is unsatisfactory. Miotics are useless so that 
operative treatment has to be attempted. Anterior sclerotomy 
with the trephine has frequently been the method of choice, 
but it usually has to be repeated several times and the visual 
results are often bad. Iridencleisis has occasionally given 
good results as has also irido-dialysis. More recently 
most success has followed the operation of trabeculotomy 
(goniotomy) introduced by Otto Barkan. In this operation 
a specially constructed knife introduced at the limbus is 
swept round the angle of the anterior chamber in the opposite 
segment of the eye. It is presumably effective by opening 
up the draining passages in those cases wherein the condition 
is due to the blockage of the corneo-iridic angle by persistent 
embryonic tissue. 



CHAPTER XV 
The Lens 

The lens is composed entirely of epithelium, which is sur¬ 
rounded by a cuticular envelope or capsule (vide p. 9). 

It is therefore subject only to metabolic changes, and is 
incapable of becoming inflamed. Degenerative changes in the 
lens invariably result in loss of transparency in the parts 
affected. This condition of partial or complete opacification 
is called cataract . 

The most important chemical constituents of the lens are the 
salts and proteins. Spectroscopic examination reveals many 
ifcetalB, of which the most important are sodium, potassium and 
oalcium. The potassium content diminishes with age, but the 
calcium is relatively constant (Adams), except that it is definitely 
excessive in cataractous lenses. The proteins consist of englobulin, 
and a-, f$-, and y-crystallins. jS-crystallin is soluble in water and 
decreases with age, a factor in the sclerosis of the nucleus. The 
crystalline are rich in tyrosine, cysteine, and leucine, amino-acids 
which tend to form melanins on exposure to ultra-violet light, 
thus accounting for the normal and pathological (vide p. 306) 
pigmentation of the lens. Owing to the absence of a blood supply 
the lens is dependent for its metabolism on an autoxidation system. 
This is a reversible oxidation-reduction reaction carried out by 
glutathione (Adams), a cysteine-like substance containing an SH 
group, which on oxidation changes into an SS group. The lens 
also contains a relatively large amount of vitamin C, which also 
probably acts with glutathione as a reducing agent, the reversible 
reaction being 

Sugar + oxidized glutathione * -> asoorbio acid + reduced glutathione 

C fl H 12 0 6 + G.SS.G «-► C 6 H 8 0 6 + 2G.SH 

Thermostable substances (jS-crystallin) in the lens effect reduction 
of this product (SH SS). The mature cataractous lens con¬ 
tains no glutathione or vitamin C. 

The e arliest stage in the development of cataract is an 
accumulaliorTof fluid either as droplets beneath the capsule 
or in spindle-shaped spaces between the lens fibres. Clinically 
this stage can be recognised by inequalities in the refractive 
indices of the fibres and fluid which,give rise to light and dark 
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streaks when light is thrown into the eye by the mirror. The 
spots and streaks differ from the definite opacities which follow 
by the fact that if the mirror is tilted slightly the dark streaks 
become light and vice versd. In the next stage coagulation of 
the proteins occurs, forming globular masses called Morgagnian 
globules. At a later stage the fibres break down into rounded 
masses whichTare indistinguishable from Morgagnian globules. 
These masses are definitely opaque. 

Biochemically the essential factor in cataract is the coagulation 
of the proteins, and many important factors in this process have 
been discovered in recent years. In general, coagulation of 
proteins occurs in two stages : (a) denaturation, probably by 
hydrolysis, whereby the colloidal system becomes more labile ; 
(b) agglutination. Any form of radiant energy—heat, luminous, 
ultra-violet, radium—can cause coagulation. Ultra-violet rays 
alter the permeability of the lens capsule (Duke-Eider), diminish 
the efficiency of the autoxidation system (Adams), and render the 
proteins more vulnerable to variation in hydrogen ion concen¬ 
tration and salt concentration, e.g., calcium (JBurge). Changes in 
the capsule cause alteration in osmotic pressure and hence in 
concentration of electrolytes. Deformation of the fibres leads to 
mechanical strains. Further, the lens proteins are organ specific, 
especially a- and jS-crystallins, but investigations of their sero¬ 
logical properties have proved contradictory. The relative parts 
played by the.se factors in the development of various types of 
cataract are obscure, and have not yet led to any satisfactory 
prophylactic or therapeutic results. 

Apart from the experimental production of cataract in animals 
by various forms of radiant energy it is easily produced in rabbits 
by administration of naphthalin and other allied poisons: 
dinitrophenol, for example, used for slimming, has rapidly 
produced posterior cortical cataract in girls. Dinitrophenol 
causes a large increase in tissue oxidation. Naphthalene in 
rabbits is conjugated with cysteine and is excreted as 1-a-naphthyl- 
mercapturic acid (Bourne and Young); hence the cataract may 
be due to depletion of the store of cysteine in the lens. The 
occurrence of cataract in tetany due to parathyroid deficiency 
{vide p. 329) when correlated with the excess of calcium in 
cataractous lenses suggests a definite association with the rdle 
of calcium in metabolism. Cataract also occurs in the human 
subject associated with myotonia atrophica and ergotism. 

Owing to our ignorance of the pathogenesis of cataract, 
treatment, apart from steps for minimising the disability, is 
wholly operative. The type of operation depends largely upon 
the amount of central sclerosis, i.e., upon the size of the 
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nucleus (vide p. 9). Up to about thirty years of age the nuclear 
fibres are still fairly soft, and capable of becoming absorbed if 
the aqueous gains access to them. After this age absorption is 
very slow and incomplete, and if cataract occurs the nucleus 
must be removed from the eye. The size of the nucleus then 
determines the size of the incision which is necessary. The 
cases in which the nucleus is very small are called soft cataracts , 
since they consist chiefly of soft cortical matter. In most 
patients over fifty the nucleus is large, and these cataracts are 
called hard, cataracts , although the lens is by no means hard. 
throughout. This only occurs in black cataract , in which the 
nucleus reaches its maximum size, viz., that of the whole lens. 
Such cataracts require a very large section for their removal. 
In mature cataracts the brownish appearance of the nucleus 
by oblique illumination gives some idea of its size and an 
indication of the size of the section necessary for its removal. 

Cataracts are classified according to the position and extent 
of the opacity or opacities in the lens, and it is found that the 
situation and distribution correspond with various combina¬ 
tions of clinical conditions—age, general disease, &c. In some 
cataracts the opacities spread and fuse until the whole lens 
becomes opaque; such are called progressive cataracts: in 
others they remain stationary. Senile cataract, which is the 
commonest form of all, is a progressive cataract. 

Senile Cataract. This, as its name implies, rarely occurs in 
persons under fifty years of age. 

In incipient senile cataract radial spokes or sectors of 
opacity are seen, with clear areas between them (Figs. 173,174). 
They are difficult to see in daylight or by oblique illumination 



Fig. 173.—Senile cataract. 1, section, showing opacities in the cortex ; 

2, appearance by reflected light—dark striae on a red background; 

3, appearance by oblique illumination—grey stri® on a dark back¬ 
ground. (Nettleship.) 

{vide p. 95), and cataract should not be diagnosed without 
confirmation with the ophthalmoscope. With the undilated 
pupil only the ends of the spokes are seen, but when the 
pupil is dilated with cocaine or homatropine ( never with atro- 
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pine, vide p. 285), the linear opacities are often found to be 
the apices of sectors, with their bases towards the periphery. 
They generally begin in the lower part of the lens, especially 
the lower nasal quadrant. Careful examination with oblique 
illumination and the ophthalmoscope will show that the 
opacities are in the superficial parts or cortex of the lens, some 
in front of the nucleus, others behind. They start from the 
region of the equator and extend towards the axis of the eye, 
more and more spokes and sectors developing as time goes on. 

Seen by oblique illumination the opacities are grey (vide 
p. 95); seen with the ophthalmoscopic mirror at reading 
distance they appear black against a red background. 'At 
the very earliest stage the opacities shift with the incidence 
of the light, showing that they are 
merely differences of refractive index 
(vide p. 304). Lens striae are usually 
preceded by sectorial alterations in the 
refractive indices of the lens fibres. 

These are best seen with the plane 
mirror, looking alternately light or dark 
as the incidence of the light is changed. 

They account for the uniocular polyopia 
which the patients often notice. 

The pupil in old people is seldom so 
black as in the young, and is sometimes 
distinctly grey. If the greyness is uni¬ 
form, cataract should not be diagnosed 
unless definite opacity is shown on ex¬ 
amination with the ophthalmoscope. This greyness without 
opacity is caused by increase in the refractive index of the 
cortex of the lens in old people (vide p. 53), and is due to 
increase of reflection and scattering of light. 

The above description applies to the commonest arrange¬ 
ment of the opacities in senile cataract; it may be dis¬ 
tinguished as the subcapsular type. Two other types occurs 
less frequently. In one group the opacities are s^pmuyudear. 
They are more variable in appearance and consist of con¬ 
centric lines, radial streaks and cloudy patches. This irregu¬ 
larity distinguishes them from lamellar cataract (q.v.). In 
the third group the opacities are intranuclear , by which term 
these cases may be distinguished from the congenital nuclear 
cataract. In this group the nucleus of the lens is diffusely 
cloudy, gradually clearing towards the peripheral cortex. 
Combinations of the various types are not uncommon, sub- 



Fig. 174—Commencing 

senile cataract, the 
strias confined to the 
lower part of the lens, 
a very common mode 
of commencement. 
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pupil looks black, the brownish colour being revealed only by 
oblique illumination. The condition is called bl ack mtaract , - 
though strictly speaking it is not a true cataract. Central 
intranuclear senile cataracts often show a brownish colour by 
oblique illumination, due to coincident hyper-sclerosis (vide 
p. 306). They occur more frequently in myopic eyes. 

Symptom s. The appearance of black spots in front of the 
eyes is usually the first symptom complained oi. They differ 
from the ordinary muscae volitantes occasionally complained 
of in normal eyes, and much exaggerated in cyclitis, &c., in 
that they are stationary, retaining their relative position in 
the field of vision in different positions of the eye. Uniocular 
polyopia, another symptom, is the doubling, trebling, &c., of 
the objects seen with the eye. It is due to the irregular refrac¬ 
tion of the degenerating lens, so that several images are formed 
of each object. It is often worse on looking at bright lights, 
and is therefore noticed most in the evening. 

As the opacity extends and becomes denser, the acuity of 
central vision suffers, especially when there is much central 
opacity. In the latter cases vision is often better in a dull 
light, owing to the dilatation of the pupil. In most cases of 
senile cataract the pupillary region suffers latest, so that a 
bright light is grateful to the patient, both on account of 
the better illumination and also because the rays which 
pass through the irregularly refracting peripheral parts of 
the lens are cut off by the contracted pupil; but the patients 
seldom like to face the light. 

Eventually the central area becomes affected and vision 
steadily diminishes until only perception of light remains. In 
many cases of mature senile cataract fingers can still be 
counted at a few feet, or at least hand movements discerned. 
In all cases light should be perceived readily and the direction 
of incidence accurately indicated. The detection of the 
projection of light is of the utmost importance, as it affords 
important evidence as to the probabilities of a good result 
from operation. It is tested as follows. The opposite eye 
is covered securely by the palm of the patient’s hand. Light 
is then reflected from the ophthalmoscopic mirror into the 
cataractous eye from various directions, the patient looking 
straight forwards. He is told to point with his other hand in 
the direction from which the light seems to come. He ought to 
do this readily and accurately. If he does not, we suspect 
some disease of the retina, e.g., patches of retino-choroidal 
atrophy, &c., and a less favourable prognosis is given. Bela- 
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lively poor projection is not an absolute contraindication 
to operation, and each case must be determined on its 
merits. 

It will be seen that cases of advanced cataract in which the 
fundus cannot be satisfactorily explored by the ophthalmoscope 
at the first visit, and in which projection is relatively bad, offer 
considerable difficulties in deciding the treatment to be 
adopted. It is therefore of the greatest importance that every 
case of incipient cataract should be most carefully explored 
and exhaustive notes of the ophthalmoscopic condition taken, 
so that at a later stage, when the fundus can no longer be 
observed, its previous condition is already on record. Every 
case of incipient cataract should therefore have the pupil 
dilated so that a thorough examination of the eye may be 
recorded. Homatropine may be used with impunity in moBt 
cases, but a drop of 1 per cent, eserine must invariably be 
instilled before the patient leaves, otherwise there is danger 
that an attack of glaucoma may be induced by the administra¬ 
tion of the mydriatic. If the eye is definitely of glaucomatous 
type, with small cornea, shallow anterior chamber, &c., cocaine 
should be used instead of homatropine. The field of vision 
should also be taken at this stage. 

The rate of development of senile cataract varies greatly, 
sometimes occupying many years, or, indeed, the cataract may 
never reach maturity. The progress is usually more rapid in 
very old people. Very rapid maturation in younger patients 
usually indicates some complication, e.g., cyclitis, diabetes, &c. 
The forms with fine radial lines are slower than those with 
cloudy opacities. It is best to examine every case at stated 
intervals, a careful drawing of the opacities being recorded at 
each visit. The length of the intervals must be determined 
by the individual case. 

Cataract occurs equally in men and women. It is usually 
bilateral, but develops earlier in one eye than the other. Cases 
of hereditary predisposition have been recorded, and in some 
of these the cataract develops at an earlier age in successive 
generations (“ anticipation,” Nettleship). 

Pathology. The cubical cells lining the anterior capsule of 
the lens {vide p. 9) undergo vacuolation in senile cataract. 
Changes in these cells can be made out clinically by using a 
strong binocular loupe. The cortical opacities are due to the 
formation of Morgagnian globules and the breaking up of the 
lens fibres {vide p. 305). Cholesterin crystals are not infre¬ 
quently seen in cataracts. 
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Biochemistry of Cataract. Although the chemistry of cataract 
is not fully understood, some of the changes which occur in the 
cataractous lens are of considerable importance. Here is first 
a diminution j n its oxidative metabolism, a decrease in per¬ 
meability and a loss of the substances active in oxidation— 
cysteine, glutothione and ascorbic acid. It is not known 
whether this loss is causal or consequential, but it is true that 
a cataractous lens is an asphyxiated lqns. Chemically there is 
hydration in the initial stages followed by dehydration later, 
acidification followed by alkalosis, and gradual replacement of 
soluble by insoluble proteins. This last is very characteristic, 
and implies that proteins in an active form are gradually 
replaced by inactive substances. The coagulation of these 
proteins is the chief cause of the opacity of cataract. Finally 
there is an increase of lipoids and an averaging of the concentra¬ 
tion of the salts to correspond with that of the blood and the 
aqueouB. The salt content of the normal lens is very different 
from that of the blood, and as metabolic activity diminishes 
the two become equalised, but towards the later stages the 
calcium content becomes very much increased, the salts being 
deposited in a non-diffusible form, a change which is probably 
a passive deposition in the inactive tissue. 

Senile cataract has been attributed to changes in the cortex 
produced by shrinkage of the nucleus, but this can be, at most, 
only a subsidiary factor. . Many other theories have been 
advanced, but in the present knowledge of the biochemistry 
of the lens they must all be regarded as highly speculative. 
The definite association of cataract with calcium metabolism 
in tetany and the raised calcium content of the cataractous lens 
are strikingly significant facts. In spite of hitherto discordant 
results the r61e of autocytotoxins, whether of the nature of 
specific immune bodies or toxins derived from disorder of the 
general tissue metabolism, demands further consideration. 

^regimen t. No treatment by drugs, &c., has hitherto 
proved to have any significant effect upon the progress of 
uncomplicated senile cataract. Potassium iodide drops, 
calcium iodide ointment, hormone treatment, especially with 
parathyroid gland in association with administration of calcium 
salts, and so on, have been enthusiastically advocated, but 
are in my experience useless. 

Elderly patients frequently have slight peripheral opacities 
of the same nature as cataract. Much mental anxiety is often 
caused by telling them that they have “ cataract.” If cross- 
examined the surgeon should tell them that they have slight 
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changes of the same nature as cataract, but that these are 
quite common in elderly patients and do not necessarily 
indicate that an operation will be inevitable in the future. 

In incipient cataract the condition of the patient may be 
much ameliorated during the tedious process of maturation. 

A low degree of myopia (1 D to 4 D) may develop during this , 
stage ; it is due to relative increase in the index of refraction 
of the nucleus of the lens, a change in the opposite direction to 
that which usually occurs (vide p. 53). Astigmatism may n 
develop or undergo change. These errors of refraction should 
be corrected; but often the astigmatism is irregular and 
glasses afford little help. Considerable loss of vision may be 
associated with the refractive changes which precede the 
definite formation of opacities. Tinted glasses may be found 
beneficial, the tint varying with the circumstances of the case. 
Amber-tinted glasses are most generally useful. In certain 
circumstances, e.g., at high altitudes, they cause an extra¬ 
ordinary increase of definition even in normal persons, due 
to absorption of rays of short wave-length. Blue glasses, 
which allow the chemically active violet rays to pass, are not 
contraindicated in this case, since the cutting off of the more 
luminous rays is restful. These or smoked glasses are indi¬ 
cated, especially when there is a considerable degree of central 
opacity, since the pupils are kept slightly dilated. For the 
same reason reading may be much facilitated by isolating only 
a few lines of the print, the remainder being covered by a black 
paper mask. The effect may be obtained with greater cer¬ 
tainty by instilling a very weak mydriatic. Atropine, to 
| gr. to £ i., one drop every morning, may lie ordered, if 
homatropme is found not to raise the tension. The slightest 
predisposition to glaucoma, e.g., high hypermetropia, small 
cornea, very shallow anterior chamber, &c., contraindicates this 
treatment, and it is wise to observe the tension carefully during 
the treatment in all cases. Sometimes weak atropine causes 
more blurring, in which case it must be abandoned. Central 
opacities often cause diminution of central vision apparently 
out of proportion to the amount of opacity observed. 

There is no reason to restrict the use of the eyes in incipient 
uncomplicated senile cataract, but the patient may be much 
assisted by instructions as to the arrangement of illumination 
and so on. If the pupillary area is free, brilliant illumination 
will be found best; if the opacities are largely central, a dull 
light placed beside and slightly behind the patient’s head will 
give the best result. 
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In mature cataract the lens must be extracted. Before 
deciding to operate, attention must be paid to details other 
than those connected with vision, previously described. The 
pupil should react promptly and normally to light. Careful 
search must be made for precipitates on the back of the cornea 
(“ k.p.”), for the cataract may be a mature complicated 
cataract (vide p. 325). The urine must be tested to eliminate 
albuminuria and glycosuria, though these do not necessarily 
contraindicate operation. The state of the conjunctival sac 
must be thoroughly examined, and a culture taken. The 
lacrymal sac is compressed with the finger, so that if there is 
any regurgitation the secretion from it will be examined. A 
small cotton-wool swab is rotated in the lower fornix and the 
secretion thus obtained rubbed over a blood-agar slope. Non- 
hsemolytic staphylococcus albus and xerosis may be con¬ 
sidered innocuous, micrococcus catarrhalis and pneumobacillus 
doubtful. Staphylococcus aureus, pneumococcus, strepto¬ 
coccus, and such like pyogenic organisms contraindicate 
operation, which in any case should not be undertaken before 
forty-eight hours have elapsed lest the very dangerous pneumo¬ 
coccus be' overlooked. 

If there is the slightest conjunctivitis, and, above all, if there 
is dacryocystitis, a course of preliminary treatment is necessary. 
Old people frequently suffer from chronic conjunctivitis 
induced by senile ectropion, &c. It is best treated by relieving 
the cause as far as possible, and by the use of astringent lotions. 
The process of attaining bacteriological cleanliness used to. 
be long and tedious, but the recent introduction of bacterio¬ 
static drugs has largely solved this difficulty. A short course 
of penicillin drops (1,000 to 2,000 units per c.c.) administered 
hourly through the day and three hourly during the night for 
two or three days will usually ensure sufficient surgical 
cleanliness for the operation to be performed and the wound 
to heal with safety. Tn the rare cases where organisms 
insensitive to penicillin are present the matter is not so 
simple. An occasional painting with silver nitrate is the 
most potent means which we possess of removing such 
organisms from the conjunctival sac in these cases, since they 
are carried away mechanically with the desquamated epithe¬ 
lium, &c. Irradiation with ultra-violet light and sulpnona- 
mides administered by the mouth (vide p. 695) have been found 
efficacious in recalcitrant cases. It is inadvisable to tie up the 
eye the night previous to operation, for it is found that this 
procedure favours the growth of bacteria iu the conjunctival sac. 
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The presence of a mucocele is an absolute contraindication 
to operation. It must be cured (Chap. XXXII.), or the 
lacrymal sac must be excised, or the canalieuli must be 
temporarily obliterated. The last may be effected by tying a 
ligature round each canaliculus or by cauterising each punctum 
with the actual cautery. The best treatment is usually 
excision of the sac. 

The teeth, nose and throat, and any other likely focus of 
sepsis, should be examined, and it is very important that any 
pyorrhoea, &c., should be eliminated before the cataract 
operation is undertaken. 

The treatment of unilateral and oLimmatuze cataract offers 
some difficulty (cf. p. 323). When the cataract is mature in 
one eye while the other retains good vision little advantage is 
gained by operating upon the cataract. The difference in 
refraction between the two eyes after operation will be so great 
that it will be impossible for the patient to see well if the 
refraction is corrected, and if uncorrected the large blurred 
image formed by the eye may be a positive disadvantage, 
though it can be relieved by a contact glass. The sole 
advantage which is gained is an increase of the field of vision 
on the affected side. This may be a matter of great importance, 
as in people who work amid machinery or have to go about 
where there is much traffic; in these exceptional cases 
extraction is indicated. There is also the slight advantage 
that the eye is prepared for the time when vision fails in the 
less affected eye, but this may be long delayed. These slight 
advantages do not as a rule justify operation, which, it must 
be remembered, is attended with some, if usually trivial, 
danger, not only to the eye operated upon, but also to the other 
eye {vide p. 464). On the other hand, the cataract must not 
be allowed to progress to too advanced a condition of hyper- 
maturity. Operation is then more difficult and more dangerous. 
The case should be watched, and if signs of thickening of the 
ca,psule, calcareous deposits, &c., appear, extraction should be 
performed even though the vision in the other eye is still good. 

Oases of immature cataract with loss of useful vision require 
even more skill in the determination of the best time for 
operation. The difficulties and dangers of extraction are 
undoubtedly increased by operating while there is still a large 
amount of clear soft cortex. It is difficult to remove from the 
eye, tends to the production of iritis and other complications, 
and leads to the formation of dense secondary cataract {vide 
p. 324). Immaturity, however, is not an absolute bar to 
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operation; extraction under these circumstances may be 
followed by excellent results, especially if performed by the 
intracapsular method. It must be remembered that the 
patients are old, and, if not operated upon, are doomed to prac¬ 
tical blindness, which in the lower classes entails the loss of all 
wage-earning capacity. Operation will probably be attended 
by at least the recovery of useful vision, whereby the con¬ 
ditions of existence are much ameliorated. It is not necessary, 
therefore, to wait indefinitely for complete maturity if useful 
vision has already been lost. 

Borne -surgeons temporise in these cases, performing apre- 
liminary iridectomy, on the grounds that the operation 
accelerates the ripening of the cataract. It certainly occurs in 
rare cases, but is by no means constant. Preliminary iridec¬ 
tomy has tfye advantage of facilitating the subsequent extrac¬ 
tion, but has the considerable disadvantage of subjecting the 
patient to the discomforts and dangers of two operations 
instead of one. It may be employed in complicated cases in 
which it is desired to test the reaction of the eye to operative 
interference, for it is a less severe operation than extraction, 
and will afford indications as to the advisability of further 

S rocedures. ■ It is also to be advocated in cases with much 
ifiuse opacity, often more concentrated in the central part of 
the posterior cortex, for in them the diminution in visual acuity i s 
very marked, maturation is indefinitely delayed and the compli¬ 
cations produced by a large amount of sticky cortex are much 
to be feared. The extraction of the cataract should not be 
performed until at least four weeks after the preliminary 
iridectomy. 

Preliminary iridectomy is indicated most definitely in cases of 
cataract with increased intraocular tension. The tension may be 
raised owing to the swelling of the lens in the incipient stage, in 
which case iridectomy usually relieves the pressure. Nearly 
mature cataract may be associated with increased tension. It 
might be thought that an ordinary combined extraction would 
relieve both conditions, but these cases do not usually progress 
smoothly. It is much better to do a preliminary iridectomy, 
extraction following after the usual interval. 

In some cases eyes with incipient cataract have been trephined 
for chronic glaucoma (vide p.301) or cataract has developed subse¬ 
quent to trephining. Theoretically it is obviously objectionable 
to make a cataract incision through thetrephine hole, though such 
cases often do well—possibly because extraction may render an eye 
less prone to the usual form of chronic glaucoma It has been sug- 
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gested to extract downwards, but it is probably wiser to make the 
upper part of the incision in the cornea in front of the trephine hole. 

The correction of the refraction after extraction of cataract 
is dealt with elsewhere (see Aphakia, p. 533). 

Cataracts of Congenital or Infantile Origin. These are 
almost always partial and stationary. The commonest forms 



Fro. 177.—Lamellar cataract. 1, 2, 3, as in Fig. 173. (Nettleship.l 


are lamellar and anterior capsular; less common are the 
various forms of congenital cataract, mostly of lamellar type, 
sometimes central or total. 

Lamellar Cataract (Syns. — Zonular , Perinuclear Cataract). 
This usually occurs so early in infancy that it is doubtful if 
it is not congenital. Although there is no true nucleus at 




Fro. 178.—Lamellar cataract. 


Fro. 179.—Lamellar cata¬ 
ract with very slight 


this early age the central parts of the lens are conveniently 
termed the nucleus. The opacity in lamellar cataract is 
situated in the layers surrounding this central core, which 
itself usually contains punctate opacities; the superficial 
cortex is quite clear (Pigs. 177—179). When the pupil is 
dilated a grey discoid opacity is seen, surrounded by a perfectly 
transparent marginal area. The diameter of the disc varies, 
that of the dear peripheral area varying inversely. With the 
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mirror the disc appears black and sharply defined at the 
outer edge, diminishing in density towards the centre; the 
peripheral area shows a normal red reflex. Along the outer 
edge spokes of opacity, resembling the handles of a steering 
wheel, often extend slightly into the clear area (Fig. 178). 
They are called ndep, and are due to spindle-shaped opacities 
between the lens fibres in layers a short distance outside the 
main opacity. Occasionally two concentric rings of opacity 
are seen. The cataract is usually stationary until late in life, 
but cases occur in which total opacity gradually develops. 
Both eyes are almost always affected, though not always 
to the same degree. 

The opacity is always sufficiently large to fill the area of the 
undilated pupil. The diminution of vision is therefore entirely 
dependent upon the density. The patient is brought for 
examination on account of defective vision. He usually holds 
objects very close to the eyes and is thought to be “ short¬ 
sighted.” Myopia is indeed not uncommon in these cases, but 
the approximation of objects is usually for the purpose of 

obtaining larger retinal images (vide 
p. 37). 

There is no doubt that lamellar 
, cataract is due to a period of mal- 
18 ° ^h P ° P nutrition at some stage of late 

intra-uterine or early infantile life. 
It has been fcmnd that lamellar cataract in young rats, 
offspring of mothers fed immediately after birth of the litter on 
diet lacking in vitamin A, fat, and phosphorus, may become 
normal if the food is replaced by a normal diet. No rachitic 
changes are found in the bones, whereas older animals on a diet 
poor in vitamin A get rickets under these conditions, but no lens 
changes. Epithelial structures are most affected. Epithelium 
as a rule covers surfaces, and the oldest cells are cast off, being 
replaced by young cells derived from the basal layer. There 
are two sites in which the epithelium persists: (1) the lens, 
where, owing to its formation as an invagination of epiblast, the 
oldest cells are central and cannot be cast off; (2) the enamel of 
the teeth, where the cells become calcified and thus retained. 
Hence lamellar cataract ia almost invariably accompanied by 
defective enamel in certain of the permanent teeth. The 
hypoplasia differs essentially from the condition of the teeth 
in congenital syphilis. The teeth have an eroded appearance, 
with transverse lines across them, the incisors and canines 
being most affected (Fig. 180). 
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The time -sit which the pathological process took place is 
indicated by the size of the diameter of the opacity and the 
particular teeth affected with 
hypoplasia. Only those teeth are 
affected whose enamel germs are 
being formed at the time. As 
regards the lens, the youngest fibres 
are the most superficial {vide p. 9), Fin. 1 81.--Anterior capsular 
so that the diameter of the opacity cataract. (Nettleship.) 
indicates the size of the lens at the 

time. The usual diameter of the opacity and the particular 
teeth affected both indicate that the malnutrition generally 
occurs at about the time of birth or shortly afterwards. 
Concentric rings of opacity are accounted for by successive 
periods of malnutrition. 

The cause of the malnutrition is probably to be found in 
errors of feeding and possibly exanthemata. It is probable 
that one cause is the occurrence in the mother of rubella 
during the earlier part of pregnancy and it is possibleTthat 
other virus infections act similarly. There is some reason 
to think that rickets is a cause, and congenital syphilis 
has been indicted, but on insufficient grounds. A history of 
convulsions is very common. 

Treatment depends upon the density and the diameter of 
the opacity. In cases with dense opacity and very poor 
vision with undilated pupils the treatment depends upon 
the diameter of the opacity. If it is small with a wide 
area of clear cortex, and if distant vision is much improved 
when the pupil is dilated and the refraction corrected so 
far as possible, an optical iridectomy may be performed. 
In some cases, however, the opacity increases, so that 
iridectomy should not be done until there is fair certainty 
that the condition is stationary. Suitable cases for this 
operation are therefore quite uncommon. Usually the opacity 
is large, and it is then necessary to remove the lens, which 
has the grave disadvantage that it abolishes accommoda¬ 
tion. Since the patients are almost always seen when quite 
young, the central core of the lens does not yet form a hard 
nucleus. Non-sclerosed lens fibres become absorbed if the 
aqueous gains access to them. Hence lamellar cataract can be 
treated by cUsQjssion pr needling, whereby an aperture is made, 
in the anterior capsule through which the aqueous enters. 
This is the ordinary treatment of lamellar cataract, but 
it should not be employed unless the vision is seriously impaired 
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or the other methods of treatment are impossible. As all 
varieties of density are met with the a dvisability of needling in 
eases with fair vision has to be considered. The d ecision of 
this_ question depends upon whether vision with corrected 
refraction and retained acconunodatioii is to be preferred to 
probably improved vision after operation without accommoda¬ 
tion. I am of the opinion that vision of 6/12, or evSn'6/18, 
with retained accommodation, is more valuable than a prob¬ 
lematic 6/9, or even 6/6 without accommodation, but with the 
necessity of wearing constantly very strong convex glasses for 
distance and still stronger ones for near work. I do not 
therefore operate in such cases. 

It is not advisable to needle lamellar cataracts until the 
child is ,9 or 10 months old. During the waiting period the 
pupils should be kept dilated with 0*5 per cent, atropine once 



Fig. 182.—Diagram of section of anterior capsular cataract. 


every other day, so that the retina may be stimulated by light 
passing through the clear zone. This procedure diminishes the 
risk of nystagmus or squint developing. 

Anterior Capsular Cataract (Syn.—Anterior Polar Cataract). 
This form of cataract is commonly known as anterior polar. 
It is best to reserve this term for any cataract at or near the 
anterior pole of the lens, since there are tyro, forms of anterior 
polar cataract, viz., anterior capsular and anterior cortical. 
Similarly the term posterior polar should be used in the same 
manner, though there is more ambiguity here. There are two 
forms of opacity which are known as pqsterifir 4 >olar cataract. 
The posterior cortical cataract is the commonest formjof com¬ 
plicated cataract (vicle p. 325) (Fig. 184). The other poste rior 
pbla* “ cataract ” is not strictly a cataract at all, since it is 
due to persistence of part of the pos^'risr vagetiliaf sheath qf the 
lens, and is therefore situated upon the posterior surface of the 
lens, i.e., it is not a true lenticular opacity (Fig. 186), though 
there is always some opacity in the adjacent lens fibres. 
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Anterior capsular cataract is due to abnormal proli feration 
of the cubical cells which line the anterior capsuIefFig. 182), 
and Is usually limited in uncomplicated cases to a spall area in 
the centre of the pupil (Fig. 181). The stimulus to proliferation 
is caused by contact with the normal or inflamed cornea. Con- 
tact of the lens with the normal cornea causes opacity in the lens 
only if it occurs at an early age. This is indeed fortunate, for 
if it were not so many intraocular operations, e.g., iridectomy, 
would be impossible. In very young children it is probable 
that a very short time of contact is all that is necessary. The 
older the patient the longer is the time required. Contact with 
an inflamed cornea is more liable to produce an anterior cap¬ 
sular cataract than with the normal cornea. In most cases it is 
due to perforation of a corneal ulcer, usually caused by ophthal¬ 
mia neonatorum ; more rarely to a perforating wound. 

Anterior capsular cataract is sometimes congenital, when it 
is also probably due to contact with the cornea, possibly owing 
to delayed formation of the anterior chamber without actual 
perforation. In these cases it is almost always bilateral, 
whereas the acquired form is generally unilateral. 

When an ulcer perforates, the aqueous escapes and the lens 
and iris are driven forwards into contact with the back of the 
cornea. If the perforation becomes blocked with iris the 
anterior chamber re-forms, the length of time of contact 
between the lens and cornea varying in different cases. If it 
is short, no harm may be done to the lens unless the patient is 
very young. If it is more prolonged, an anterior capsular 
cataract is formed and the lens adheres more or less to the 
wound. When the anterior chamber re-forms, the lens usually 
separates completely from the cornea : less frequently the 
adhesion stretches out into a fine filament, which may persist 
or break. Occasionally the adhesion is so firm that the lens 
is permanently anchored to the cornea : the eye is usually 
lost by panophthalmitis or secondary glaucoma in these cases. 

The dragging upon the adhesion when the anterior chamber 
is re-formed may cause a conical protrusion of the cataract— 
p ymm idglcaiarmL (Figs. 116, 181). 

The deleterious effects of contact may affect the underlying 
cortical fibres, so that an anterior cortical cataract may occur 
with a capsular one. The cubical anterior capsular cells may 
grow in between the capsular and cortical opacities. They 
give rise later to normal transparent lens fibres, so that the 
two opacities become separated by a narrow clear zone of 
cortex. In the absence of cortical degeneration the opacity is 

xns. of an. n 
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usually so small and sharply defined that vision is little 
impaired, and no treatment is required. 

Congenita l Cataract manifests itself in a variety of different 
forli^'. ’ *X i *^aXreaHy stated, anterior capsular and typical, 
lamellar cataracts may be congenital. Many other forrhs are 
nearly allied to the lamellar type, those occurring early in 
foetal life being small in diameter (vide p. 319). To this cate¬ 
gory belong the following :— 

Central or nudear cataract , a small spherical opacity in the 
centre of the lens, surrounded by clear cortex. 

Fusiform cataract , also called spindle-shaped, axial, or 
coralliform, an antero-posterior spindle-shaped opacity, some¬ 
times with offshoots giving an appearance much resembling 
coral: this form shows a great tendency to occur in families. 
Discoid cataract is also a familial form, showing a somewhat 
ilTdefihed disc of opacity just behind the nucleus in the 
posterior cortex. 

In other congenital cataracts minute points of opacity are 
seen scattered throughout the lens, or limited to parts— 

. punctat e ..cataract. Many varieties of this type occur. Bluish 
spots, seen by oblique illumination near the anterior surface 
of the lens, and of congenital origin, are not uncommon. 
They are almost transparent when viewed with the ophthalmo¬ 
scope, remain unchanged throughout life and require no treat¬ 
ment. Aj&ngle minute round opaque spot, usually eccentric, 
and situated on the back of the lens, is not infrequently seen 
in the routine examination of patients with the ophthalmo¬ 
scope. This spot can always be found with the slit-lamp, and 
is caused by the remains of the foetal posterior vascular sheath 
of the lens. 

Most of these congenital cataracts are stationary. They may 
be associated with other congenital stigmata, such as nystag¬ 
mus (vide p. 566), congenital colobomata, &c. They may 
require no treatment, or optical iridectomy or discission may 
be indicated (vide p. 319). It is wise to wait until puberty in 
cases apparently suitable for optical iridectomy, the pupils 
being kept dilated with atropine in the meantime, since some 
are not stationary but gradually progress to the formation of 
total cataract. 

Toted catar act may be congenital or the result of progressive 
partial congenital cataract. The lens may be shrunken and 
much degenerated, and there are often other congenital defects 
ip the fundus, &c. These cases should be treated by discission, 
but the prognosis given must be very guarded.* Sometimes 
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needling reveals persistence of the posterior vascular sheath of 
the lens, with or without persistence of the hyaloid artery. 
In such cases violent attempts to remove the opacity by need¬ 
ling will result in the loss of the eye. 

The pupil is often small with congenital total cataract and 
reacts very feebly, if at all, to light and on convergence. 
Neither does it dilate appreciably with atropine. Attempted 
discission of the shrunken cataract often causes rupture of 
suspensory ligament, and it may be necessary to remove the 
membranous lens with toothed capsule forceps (Fig. 129) 
through a keratome incision. Vitreous is usually lost and 
there may be severe reaction, but the result not infrequently 
justifies the heroic measures. 

Congenital cataracts should not in general be needled until 
the child is 9 or 10 months old. If there is a clear peripheral 
zone they should be treated like lamellar cataracts (vide p. 319). 
In cases where the lens is completely opaque, or the pupil will 
not dilate, and when squint or nystagmus is developing, it is 
advisable to needle at a much earlier age, though there is some 
risk in doing so. 

The Treatment of Unilateral Cataract in Children. When 
dense unilateral cataract occurs in a child, whether from lamellar 
or congenital cataract or from traumatism (vide “ Traumatic 
Cataract **), so that the pupil becomes grey or white, it is 
advisable to needle early. In these cases the appearance of the 
eye militates against the individual obtaining employment. 
Moreover, needling is a less severe operation than extraction 
of cataract, which may become necessary at a later date if the 
other eye fails. The treatment of unilateral cataract in children 
differs therefore from that of a similar condition in adults (vide 
p. 315). 

Coronary Cataract represents the same type of developmental 
cataract as is seen congenitally, but since it develops at or soon 
after puberty it is situated in the deep layers of the cortex and 
the most superficial layers of the nucleus. The corona of club- 
shaped opacities is usually hidden by the iris while the axial 
region and the extreme periphery of the lens remain free. The 
opacities are not progressive and do not lead to complete 
opacification o’T’thelSSns: their importance lies in their recogni¬ 
tion as a developmental anomaly, for if they are seen when the 
pupil is dilated and their character is not recognised, the examiner 
may be led to diagnose a progressive cataract in a young adult. 

(Syn.—After-cataract) istheopacity which 
persists or follows after the extraction or discission of the lens. 

U—a 
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In both these operations the posterior and part of the anterior 
capsule remain in situ. If only the posterior capsule remains 
in the pupillary area the corrected vision will probably be good, 
though it may be much impaired by wrinkling of the capsule 
and the consequent irregular refraction. In many cases, 
especially when the cataract is not quite mature, some soft, 
clear cortex sticks to the capsule. This becomes partially 



Fia. 183.—Secondary cataract from a section by Treacher Collins. 


absorbed by the action of the aqueous, but it often becomes 
shut off from the aqueous by adhesion of the remains of the 
anterior capsule to the posterior capsule. In such cases the 
cubical cells which line the anterior capsule also persist; they 
continue to fulfil their function of forming new lens fibres, 
though those formed under the abnormal conditions are 
abortive and opaque (Fig. 183). If these remnants lie in the 



Fig. 184.—Posterior cortical cataract. 1, 2, 3, as in Fig. 173. 

(Nettleship.) 

pupillary area a dense membrane is formed through which the 
rays of light penetrate with difficulty, so that vision is very 
imperfect. If the previous operation has been followed by 
iritis, exudates also adhere to the lens remnants and organise, 
tEus contributing a fibrous membrane in addition. 

Secondary cataract is demonstrated either by oblique 
illumination or by the ophthalmoscope. If fine, it may be 
difficult to see, forming a grey film by the former method, a 
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cobweb-like haze by the latter. The denser membranes are 
easily recognised. They vary in density, showing coarse 
opaque bands separated by more transparent areas. 

Treatment. Secondary cataract requires needling (vide 
p. 485). 

Complicated Cataracts {Syn.—Secondary cataracts) are those 
fofiM' which result from malnutrition of the lens, due to 
disease of other parts of the eye or of the general system. 
The lens is nourished by lymph which is supplied by the 
ciliary body. If, owing to disease of the ciliary body or to 
lymph secreted from abnormal blood, 
the nutrition of the lens suffers, opa¬ 
cities are formed. They usually com¬ 
mence in the centre of the posterior 
part of the cortex, and are therefore 
at first posterior cortical cataracts (often 
called posterior polar) (vide p. 320) 

(Figs. 184, 185). The opacity seldom 
remains confined to this situation: it 
progresses, affecting first the periphery 
of the anterior cortex close to the 
nucleus, finally involving the whole 
cortex. In many cases the opacities 
are fine and dust-like, and are scattered throughout the cortex 
from the commencement, increasing in number and density as 
time goes on. 

The total cataract formed in this manner is usually soft and 
uniform in appearance. In still later stages the watery con¬ 
stituents become absorbed, the capsule becomes thickened, 
the whole lens shrinks, giving rise to tremulousness of the 
iris, and other degenerative changes—calcification, &c.—ensue. 

Complicated cataracts occur in advanced cases of cyclitis, 
in absolute glaucoma, in choroido-retinitis—disseminated 
choroiditis, retinitis pigmentosa, &c.—in high myopia, in 
detachment of the retina, &c.; they also occur in suppurative 
inflammation of the cornea, especially that produced by ulcus 
serpens. The opacity in the posterior cortex, which is generally 
stellate in shape, is seen in its most characteristic form in 
retinitis pigmentosa, in which disease also its slow progress 
can be easily watched. The vision is already much diminished 
before complicated cataract makes its appearance. This fact 
is of the utmost importance from the prognostic point of view, 
since, even if the cataract is successfully removed, the pro¬ 
gressive diminution in vision due to changes in the fundus is 


Fiq. 185.—Posterior cor¬ 
tical cataract (posterior 
polar cataract), seen by 
reflected light. 
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not thereby influenced. In every doubtful case not only must 
the central and peripheral vision be carefully investigated, 
but an exhaustive search must be made for precipitates 
upon the back of the cornea. 

Treatment must be directed in the first case to the cause of 
the complication. This is often tedious and unsatisfactory, 
but must be persevered in as long as useful vision persists. 
If then the perception and projection of light appear to be 
fairly good, and the cataract is of a nature suitable for opera¬ 
tion, it should be removed by discission or extraction, according 
to the age of the patient. Many cases are not suitable for 
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FlO. 186.—Diabetic cataract. 0 
the slit-lamp. ( 


tical section as seen with 
oulden.) 


operation, mostly on account of cyclitis or the very defective 
vision and projection of light. Even in these, if there is a 
possibility of success, operation may be undertaken after 
warning the patient of the doubtful issue, for the loss of such 
an eye weighs little against a reasonable probability of 
improved vision. It is wise in these cases to do a preliminary 
iridectomy ( vide p. 316). 

Diabetic Catara ct should be regarded as a form of com¬ 
plicated cataract. Cataract in diabetic persons is by no 
means always diabetic in the proper sense of the term. Senile 
cataract of the usual type, following the usual course, often 
occurs, and should be treated in the ordinary manner, though 
in the early stages the general disease must invariably receive 
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every attention, both, in the matter of diet and drugs. True 
diabetic cataract is comparatively rare, and occurs in younger 
adult patients. It is always bife|e ral. and commences with 
small discrete cloudy opacities immediately beneath the 
anterior and posterior capsules (Fig. 186). Dusty opacities then 
appear throughout the cortex and rapidly increase until total 
cataract supervenes. A uniform milky opacity of rapid onset 
should always suggest the possibility of diabetes, though of 
course the urine should be tested as a matter of routine in all 
cases of cataract. 

Diabetic cataract, though usually occurring in patients with 
a large percentage of sugar in the urine, is not immediately due 
to the mere presence of sugar in the aqueous, for it is never 
sufficiently concentrated to cause cataract per se. Neverthe¬ 
less, there can be little doubt that osmotic changes are a 
prominent factor in the pathogenesis and account for the 
accumulation of droplets beneath the capsule. 

Cataract is readily produced in rats by a diet containing large 
doses of lactose or galactose (but not dextrose). These sugars are 
said to aid absorption of calcium from the intestine, and it is 
noteworthy that there was an increase of calcium in the eyes with 
cataract, but no increase in the blood. 

Treatment. It is imperative in all cases of true diabetic 
cataract to treat the general condition before adopting opera¬ 
tive measures. It is rare for the opacity to clear up under such 
treatment; but since cases do occur, (Nettleship), and since 
operations upon the eyes of diabetic patients have special 
dangers of their own, this chance should always be 
afforded. 

If general treatment is unsuccessful the cataract must be 
extracted. In spite of the special difficulties attending the 
operation the results are often quite satisfactory, though a 
guarded prognosis should be given. Contrary to what might 
be anticipated, the wound usually heals well. The special 
dangers are local and general. Of the former, the tendency to 
severe iritis and to haemorrhage are the most important. The 
necessary manipulation of the iris is likely to set up traumatic 
iritis of a peculiarly violent type. Iridecto my in the course 
ot the operation may. he attended wTSE^ucn haemorrhage, 
which not only obscures the view of the field of operation, but 
may endanger the eye : violent intra.-vitreous or subchoroidal 
haemorrhage may destroy”the eye at the time of operation. 
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$lAe i^i§5aesirable to remove a diabetic cataract by simple 

extraction, i.e., extraction with¬ 
out iridectomy, or at any rate 
with only a peripheral button¬ 
hole iridectomy (vide p. 502). 
The chief danger affecting the 
general system in these cases is 
the risk of the sudden onset of 
diabetic ..coma. It is compara¬ 
tively slight, and must be guarded 
against as far as possible by a 
suitable course of anti-diabetic 
treatment before operating. 
Another grave danger is that of 
septic infection. If it occurs, 
panophthalmitis rapidly super¬ 
venes, owing to the very defective 
resistance of the tissues. 

Traumatic Cataract. See p. 450. 

Persistence of the Posterior Vascular Sheath ( Syn.—Posterior 
Polar Cataract). See p. 334. 

Glas s-workers’ Cataract occurs chiefly in men who have long 
beelTeiigag^d'Th glass manufacture, particularly beer bottles and 
plate glass. It does not affect those who make flint-glass bottles 
oppressed glass articles, the heat of the furnaces being much less 
in these cases. The cataract is very characteristic. In the early 
stages there is a small disc of opacity in the posterior cortex of the 
lens, thinner and more sharply defined than the posterior cortical 
opacity of complicated cataract, but it may extend throughout 
the cortex in the later stages. The radiations from the molten 
glass contain few ultra-violet rays, which are therefore probably 
not the cause. It is most likely that heat is the cause, acting, 
not directly on the lens, but upon the iris and ciliary body, thus 
influencing the nutrition of the lens. As already stated (p. 23), 
heat radiation is absorbed by the pigment epithelium of the iris, 
ciliary body, and retina. Vogt has produced cortical cataract in 
rabbits by exposure to radiation of wave-length 670—700 /up, 
for less than an hour. 

It has recently been shown that certain iron-workers, especially 
tin-plate millmen and chain-makers, suffer from an identical 
condition. It is apparently rare in other iron-workers, probably 
because they seldom look at the hot metal, and when doing so 
protect their eyes with coloured glass. It does not occur among 
acetylene welders, &c., who are unable to carry out their work 



Fid. 187.—Coloboma of the lens 
(Marcus Guns). The direction 
of the coloboma, upwards, is 
somewhat unusual. Note the 
defective development of the 
suspensory ligament of the 
lens. 
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without efficient protection of the eyes by suitable deeply tinted 
protective goggles. 

Irradiation Cataract, due to exposure of X-rays or radium, 
resembles" the early posterior cortical stage of glassworkers’ 
cataract. One course of deep X-rays may suffice. There is a 
considerable latent period, which may be at least two years. 
Only the y-rays of radium seem to be nocuous. 

Perinuclear cortical opacities occur in post-operative tetany: 
in parathyroidectomised animal tetany and lens opacities 
coincide with periods of Ca deficiency m the food. Similar 
opacities also occur in cases of Mongolian idiot* at about puberty 
and myotonia atrophica (vide p. 601). 

Dislocation of the Lens. See p. 441. 

Congenital Abnormalities of the Lens 

Besides the various forms of congenital cataract (vide p. 322), 
abnormalities in the shape and position of the lens occur, often 
associated with other malformations of the eye. 

dolfiboma of the ,lens is the condition in which there is a defect 
in the inferior margin, usually notch-shaped; less frequently it 
occurs in some other part of the margin (Fig. 187). It is due to 
defective development of part of the suspensory ligament. 

Estopda^.hntis or congenital dislocation is a subluxation of the 
lens, usually upwards or up and in, and bilateral. The condition 
is often hereditary. The lens is small, but the edge is generally 
invisible until the pupil is dilated. The usual signs of subluxation 
(vide p. 441) are then seen. It is sometimes associated with 
arachnodactyly. 

Lenticonus, generally posterior, is an abnormal curvature of the 
lens, so that the surface is somewhat conical instead of spherical. 
It is best studied by means of the slit-lamp. 



CHAPTER XVI 
Diseases of the Vitreous 

The vitreous humour is an inert, jelly-like structure which 
subserves optical functions {vide p. 10). It contains proteins 
and a muco-protein. It has all the properties of a hydrophilic 
gel, undergoing turgescence in an alkaline, deturgescence in 
an acid aqueous medium. It is in very unstable equilibrium, 
and readily becomes transformed into a sol, either by 
mechanical means or chemical, e.g ., metabolic changes. Hence, 
“ fluid ” vitreous is a common pathological condition. It 
possesses no blood vessels in post-natal life, and is incapable of 
becoming inflamed : the old term ** hyalitis ” rests upon mis¬ 
conception, and should be avoided. We have, therefore, to 
deal only with symptomatic conditions. 

Opacities. Black specks, floating before the eyes, are seen 
by normal persons under favourable conditions. These muscat 
volitantes are opacities of various kinds, viewed entoptically, 
i.e., they thyow a shadow upon the sentient elements of the 
retina, thus appearing as dark spots in the field of vision. Any 
relatively intransparent bodies situated anterior to the rods 
and cones are therefore able to produce muse®. To this 
category belong the corpuscles circulating in the retinal blood 
vessels ; if it were not for the fact that the retina is normally 
adapted for red light the entoptic images of the circulating 
corpuscles would be a serious impediment to clear vision. 
Other mu8C8B are due to minute specks in the vitreous, so small 
and so slightly intransparent that they cannot be seen objec¬ 
tively by the ophthalmoscope. 

Under abnormal conditions muse® may be so increased as 
to interfere with vision and to become visible by the ophthal¬ 
moscope. They then indicate some disease of the uveal tract, 
particularly of the ciliary body : they are found in cyclitis, 
retino-choroiditis, myopia, &c. In their slightest manifesta¬ 
tion they are dust-like opacities, which may permeate the 
whole vitreous or be limited to the anterior part. When very 
fine a plane mirror and magnification by a convex lens are 
necessary in order to distinguish them {vide p. 110). They are 
due to minute albuminous coagula and aggregations of leuco¬ 
cytes, the former derived from the ciliary body and choroid, 
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the latter only from the ciliary body and possibly the retina. 
In the more severe cases flakes and threads are seen, and the 
entoptic images may be so sharply defined that an intelligent 
patient is able to draw them accurately. The larger opacities 
are often found after haemorrhage into the vitreous. They 
almost invariably float about, showing that the vitreous is 
fluid {vide infra), though they may be more or less anchored 
to the retina. Vision is often best in the morning, before 
the muddy vitreous has been stirred up by movements of the 
eyes. 

Dense vitreous opacities obscure the view of the fundus with 
the ophthalmoscope. In moderate cases the disc and vessels 
may be made out, as if seen through a dense haze. The disc 
looks redder than usual, and it may be difficult to decide 
whether there is papillitis or not. 

Very frequently in the slighter cases no objective signs of 
disease can be made out in the fundus ; the foci are either too 
fine to be appreciated or are anterior to the field of ophthal¬ 
moscopic vision, i.e. y in the anterior part of the choroid or in 
the ciliary body. 

Treatment . Slight cases of muscse volitantes, without objec¬ 
tive signs, require no direct treatment. Patients should be 
advised to ignore the spots as much as possible, as they are 
often only visible when attention is specially directed to them. 
Any error of refraction should be corrected, and special indi¬ 
cations as to the amount and conditions of near work should 
be given. In many cases the patients suffer from gastro¬ 
intestinal disorders, which should be suitably treated. 

Treatment of the more severe cases of vitreous opacity 
depends upon the cause. When this is known, as in irido¬ 
cyclitis, syphilitic retinitis, retino-choroiditis, tubercle of the 
uveal tract and so on, attention must be specially directed to 
the treatment of the primary foci. The prognosis is best in 
the syphilitic and the milder iridocyclitic cases. 

When the cause cannot be discovered iodides are generally 
given, as they are supposed to promote absorption. They may 
be combined with mercury, even in non-syphilitic cases. 

The eyes should be kept at rest with atropine and dark 
glasses. Hot bathings and leeches or dry cupping may be 
tried; and subconjunctival injections have been beneficial in 
some cases, but must not be used if there is any active inflam¬ 
mation. Dionin has also been advocated. 

Fluidity of the Vitreous {Syn. — Synehisis, crv y^ew, to pour 
together, disturb) is due to absorption of the fibrils and 
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and possibly tuberculous subjects, minute bunches of new- 
formed blood vessels project from the disc or retina, usually 
near tbe disc, into the vitreous {vide p. 363) 

Pus in the Vitreous. This is found only in panophthalmitis, 
which is almost invariably due to a perforating wound or ulcer, 
though cases of metastatic inflammation of the retina and 
choroid also occur and lead to a similar result {vide p. 343). 
The reflex with the ophthalmoscopic mirror is poor or absent. 
Oblique illumination shows a yellow mass behind the lens. The 
eye is always intensely inflamed, and little difficulty is usually 
experienced in arriving at a correct diagnosis. The treatment 



Fio. 188.—Opacity due 
to persistence of part 
of the posterior vas¬ 
cular sheath of the 
lens, often called pos¬ 
terior polar cataract. 
Note that the opacity 
is usually more cir¬ 
cumscribed than in 
posterior cortical cata¬ 
ract (Fig. 185). 



Fig. 189. —Diagram of persistent hya- 
loid artery, with persistence of the 
posterior vascular sheath of the lens. 
(Treacher Collins.) 


in cases of exogenous infection is that of panophthalmitis due 
to perforating injury {vide p. 462). In the rarer cases of endo¬ 
genous infection it is that of the primary cause. 

Persistent Hyaloid Artery. The hyaloid artery, which in 
foetal life nourishes the vitreous and supplies blood to the 
posterior vascular sheath of the lens, becomes obliterated 
during the sixth and seventh months, and usually disappears 
completely before birth. A remnant, stretching forwards 
from its origin on the disc, is normal in oxen. Similar remnants 
are not very rare in man : they appear as a strand projecting 
from the disc into the vitreous. There may be membranes 
veiling the disc from view in such cases. A remnant of the 
anterior part of the hyaloid artery can be seen in normal 
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eyes, with the slit-lamp, as a whitish coiled strand attached 
to the posterior capsule 1 to 2 mm. to the nasal side of the 
posterior pole. Sometimes a larger portion persists, appearing 
as a circular spot on the back of the lens, often inaccurately 
termed a posterior polar cataract (Fig. 188), More or less of 
the posterior vascular sheath may persist in such cases, giving 
rise to a larger central opacity on the back of the lens. In 
these cases there is always a gap in the posterior capsule of 
the lens and the adjacent posterior cortical lens fibres are 
cataractous. The hyaloid artery may persist in its entirety 
with more or less of the vascular sheath (Fig. 189). It may 
contain blood, and blood vessels may be seen upon the back of 
the lens ; it is then liable to be mistaken for a glioma of the 
retina, and constitutes one form of pseudoglioma (vide p. 430). 

The appearance of the posterior part of the hyaloid artery, 
when persistent, is very characteristic. A filmy, greyish cord, 
sometimes containing blood, passes forwards from the disc 
towards the lens. It undergoes serpentine writhings when the 
eye is moved. 

When the hyaloid artery is persistent there is often defective 
or atypical development of the vitreous, part of which 
resembles fibrous tissue in structure. Every stage may be 
met with, from that interfering little or not at all with vision 
to complete opacity, usually with maldevelopment of the 
whole eye—microphthalmia. 

Foreign Bodies in the Vitreous. See p. 456. 

Parasites in the Vitreous. Cysticercus is very rarely found 
in the vitreous in England, though it is less uncommon 
in some other countries. The actual parasite may be seen 
ophthalmoscopically as a pearly translucent mass with 
peristaltic movements. The treatment—removal—is very 
difficult. 



CHAPTER XVII 

Diseases of the Choroid and Retina 

It has already been pointed out that different parts of 
the uveal tract rarely suffer alone. This intimate connection 
is most marked in the anterior parts, but clinically the evidence 
of cyclitis when the choroid is inflamed is slight, though not 
entirely wanting. The outer layers of the retina are dependent 
for their nutrition upon the choroid, so that when the latter 
suffers the former is always involved secondarily. Primary 
affections of the retina may occur without involvement of the 
choroid : primary affections of the choroid invariably involve 
the retina secondarily in greater or less degree. 

This profound relationship between the retina and choroid, 
so indisputably manifested clinically, renders it advisable to 
consider their diseases in close connection with each other. 
It will be found that some diseases commonly designated as 
“ retinitis ” are in reality secondary to a primary choroiditis, 
while others also included under the same term are not 
inflammatory, as is suggested by the word. It is well, there¬ 
fore, to bear in mind tjiat “ retinitis ” is used in a broad sense, 
and might in many instances be replaced with advantage by 
the term “ retinopathy.” The same ambiguity is noticed in the 
use of the term “ choroiditis,” which frequently designates a 
degenerative condition without any evidence of inflammation. 

Primary Affections of the Choroid 

Vascular Disorders. Although the blood-supply of the 
uveal tract is almost entirely derived from the posterior ciliary 
arteries the peculiar distribution resulting in the formation of 
the circulus arteriosus iridis major causes involvement of both 
iris and ciliary body in pathological vascular conditions, 
whereas choroidal lesions are often restricted to isolated areas. 
Sclerotic changes in the choriocapillaris, for example, may be 
sharply delimited, as in macular degeneration, &e., and doubt¬ 
less many of the patches of so-called choroiditis and choroidal 
degeneration are of vascular origin. Some are probably due 
to embolism or thrombosis, but have rarely been proved so by 
histological examination. Localised choroidal haemorrhages 
occur, but are difficult to diagnose from the rounded retinal 
haemorrhages posterior to the vessels {vide p. 360). Massive 
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haemorrhages from the choroid occur in expulsive haemorrhage 
{vide p. 503) 

Inflammation affecting the choroid primarily— choroiditis — 
occurs in two forms, exudative and suppurative. The former 
appears in the form of isolated foci of inflammation scattered 
over certain areas of the fundus, and is conveniently classified 
according to the position of the areas involved. The latter 
spreads over the whole choroid and retina, and the primary seat 
may be in the retina : it leads ultimately to panophthalmitis. 

Exudative choroiditis is often syphilitic in origin, though 
certainly not so generally as was formerly thought; it affects 
chiefly either the posterior part of the fundus—disseminated 
choroiditis—or the anterior part—anterior choroiditis. 

Disseminated Choroiditis may be taken as a type of the disease 
(Plate IX., Fig. 1). The recent foci are seen oplvfchalmoscopi- 
cally as round yellowish spots ; when near a retinal vessel 
they lie at a deeper level than the vessel. They are due to 
infiltration of the choroid, the exudates hiding the choroidal 
vessels which cause the normal red reflex. In the early stages 
the elastic membrane of 


Bruch is intact ; in 
these circumstances only 
fluid exudates can pass 
through it, but these 
suffice to make the over- 
lying retina cloudy and 
grey. Hence the edges of 
the spots are a little 
hazy and ill-defined. The 
exudates not only pass 
into, but also through the 
retina, so that punctate 
or diffuse opacities are seen 
in the vitreous. When the 
vitreous haze is excessive 
the ciliary body is also pro¬ 
bably involved. In later 
stages the membrane of 
Bruch may be absorbed, 
though it offers consider¬ 
able resistance in common 



Fia. 190.—Atrophy after syphilitic cho¬ 
roiditis. (Nettleship, after Hutchin¬ 
son.) a, atrophy of pigment epithe¬ 
lium ; b, atrophy of epithelium and 
choriocapillaris, exposing the large 
choroidal vessels ; c, spots of complete 
atrophy, many with pigment accumu¬ 
lation. 


with all elastic membranes. 

When this has occurred leucocytes are enabled to pass through 


into the retina and vitreous. 
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Owing to the fibroblastic activity of the choroidal stroma 
the exudates become organised, so that a small white mass 
of fibrous tissue is formed, which destroys the normal struc¬ 
tures of the choroid and retina, and fuses the two membranes 
firmly together. The colour of the spots therefore gradually 
changes to white, partly due to the fibrous tissue deposited, 
partly to thinning and atrophy, whereby the white reflex from 
the sclerotic is permitted to shine through (Fig. 190). 

The pigment of the retinal pigment epithelium is extremely 



Fia. 191.—Section of a patch of disseminated choroiditis, showing the 
fusion of the degenerated retina (B) and choroid (Ch) ( x 60). Note 
the heaping up of the retinal pigment epithelium (P) at the edges of 
the adhesion. Scl., sclerotic. 

resistant, even though the cells which contain it be destroyed. 
It tends to become heaped up into masses, partly intra-, partly 
extra-cellular: moreover the pigment cells are stimulated 
to proliferate. Isolated masses of black pigment are thus 
formed in the white areas, but more particularly at the edges, 
so that in the atrophic stage white spots surrounded by a 
black zone of pigment are seen (Fig. 191). The process has 
then reached its natural termination, and these spots remain 
permanently almost unaltered. They are much more sharply 
defined than the actively inflammatory spots. 
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Meanwhile fresh foci arise and pass through the same stages, 
until finally the whole fundus may be covered with atrophic 
spots. In the milder cases only a few spots are formed and 
the exudates in the yitreous become absorbed. In the more 
severe the spots are very numerous, the vitreous opacities 
increase, and finally the nutrition of the lens suffers and a 
complicated cataract ( q.v .) results. Owing to the transiency 
of the acute stage the atrophic stage naturally comes much 
more frequently under observation. 

The symptoms in the early stages are principally the defects 
of vision due to the retinal lesions and to cloudiness of the 
vitreous. The spots are slightly raised, so that the contour 
of the retina is altered. This causes distortion of the images, 
giving rise to similar appearance of distortion of the objects 
seen—metamorphopsia : thus straight lines appear to be 
wavy or bent in various directions. Frequently objects appear 
smaller than they are—micropsia; sometimes larger— 
macropsia: these results are due to separation or crowding 
together respectively of the rods and cones. They are not likely 
to be noticed unless the macular region is involved. Subjective 
symptoms of light—photopsise—occur, such as flashes of light, 
due to retinal irritability. These subjective symptoms are often 
accompanied by the perception of a black spot in front of the 
eye, corresponding with the lesion — positive scotoma. 

In the later stages the affected spots are incapable of giving 
rise to visual impulses, §o that negative scotomata exist in the 
field of vision, i.e., though there is no perception of a spot 
in front of the eye theiji is a hiatus in the field of vision of the 
same nature as the normal blind spot. Their relative import¬ 
ance depends upon their situation. Peripheral scotomata 
may pass unnoticed, central scotoma destroys direct vision; 
in the latter case peripheral vision still permits the patient to 
get about well, but all fine work is impossible. 

The disease is chronic, organisation of the exudates taking 
several weeks. The occurrence of fresh spots may extend 
the acute stage over months, and the ultimate defects are 
permanent. It is often bilateral. 

The disease is usually due to syphilis, generally acquired, 
sometimes congenital, and hence associated frequently with 
interstitial keratitis ; but in many caseB the cause is obscure, 
sepsis, tuberculosis, anaemia and disorders of nutrition being 
assigned. The changes produced by myopia cause similar 
signs and symptoms; they are not inflammatory, but degenera¬ 
tive from the commencement (Chap. XXIV.). 
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Treatment is primarily that of the setiological factor— 
syphilis or such cause as can be discovered. Iodide of potas¬ 
sium may assist absorption in all cases, and should be adminis¬ 
tered. The general regime advised for cyclitis (q.v.) is suitable 
in these cases. Marked irritative symptoms indicate the use 
of dark glasses, the abandonment of all near work, and some¬ 
times the application of leeches. 

Anterior Choroiditis is also usually syphilitic, and manifests 
itself in the same form as disseminated, but is confined to the 
peripheral parts of the fundus. On this account it is frequently 
discovered only by the ophthalmoscope. Similar changes are 
also sometimes found in high myopia. Simple pigmentary 
changes at the periphery occur in old people as a senile degenera¬ 
tion. 

The periphery of the fundus is often peppered over with 
minute spots of pigment in congenital syphilitics; this is 
possibly a purely retinal affection. It can only be distinguished 
by degree from a similar pigmentation which may be a mere 
idiosyncrasy. 

Central Choroiditis occurs in disseminated choroiditis, and 
in certain rare forms. In Forster’s areolar central choroiditis 
the spots are said to behave in exactly the opposite manner to 
those of disseminated ; they are first black, then enlarge, 
becoming white in the centre, and finally quite white. The 
disease extends outwards, the peripheral spots being always the 
most recent. 

Juxtapapillary Choroiditis (Retinochoroiditis juxtapapillaris) 
(Jensen) occurs in young persons, as an exudation close to the 
disc, oval in shape and about the same size as the disc. The 
exudates cover the retinal vessels, and there are vitreous opacities 
and sometimes “ k.p.” There is a sector-shaped defect in the 
field of vision. The cause is unknown. The inflammation slowly 
subsides, leaving a patch of atrophy. Recurrence may take place. 

Diffuse Choroiditis is characterised in the early acute stage 
by one or more plaques of yellowish white or grey areas, 
shading off at the edges into normal fundus. The patches 
spread and coalesce so that the greater part of the fundus may 
be finally involved. The exudates gradually organise, leaving 
white areas in which the larger choroidal vessels persist, as a 
characteristic band-like network. The retinal pigment becomes 
heaped up into dense black, irregular spots, variously grouped. 
The retinal vessels course over the patches little changed in 
appearance. The coalesced areas leave islands and spaces of 
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normal fundus between them when organisation is complete. 
Fresh exudates occur simultaneously with the organisation of 
older ones, and sometimes the edge of a patch appears to creep 
over the fundus like the advance of a myxomycetes. 

Some of these cases are syphilitic, some tuberculous ( 5 . 0 .). 
In others the cause cannot be traced, but probably many are 
due to metastatic bacterial invasion {vide infra , Metastatic 
Endophthalmitis). 

Purulent Choroiditis. See p. 462. 

Tubercle of the Choroid occurs in acute or miliary and chronic 
forms. Miliary tubercles are found in the late stages of acute 



Fig. 192.—Section of miliary tubercle of the choroid ( X 60), from a 
child with hip disease who died of meningitis. Note the giant cells 
and the small round cells at the periphery. 


miliary tuberculosis, especially tuberculous meningitis. Occa¬ 
sionally they may be seen before there is any evidence of 
meningitis or generalised tubercle. They are very common in 
the late stages of tuberculous meningitis in children, though 
they may appear only a day or two before death. My own 
observations, clinical and post-mortem, lead me to think that 
they are nearly always present in this disease. Ophthalmo- 
scopically they appear as round, pale yellow spots, most fre¬ 
quently observed in the neighbourhood of the disc, though 
any part of the choroid may be attacked. Generally only three 
or four spots are seen, but as many as sixty or seventy have 
been found. They vary in size from pin-point specks to 1 or 
2 mm. in diameter. They usually project slightly, so as to 
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raise the retina, but the inner surface is often quite flat, while 
the outer surface projects into the sclera. They afford most 
important diagnostic evidence of tubercle in cases of meningitis 
and obscure general disease. Microscopically they consist of 
typical giant-cell systems, containing a variable number of 
tubercle bacilli (Fig. 192). 

Chronic tubercle may occur as a diffuse or disseminated 
inflammation affecting large areas or the whole choroid, and 
characterised by the extensive development of granulation 
tissue; or, more rarely, as a solitary or conglomerate mass, 
simulating sarcoma, but usually showing definite signs of 
inflammation, e.g., oedema of the retina, vitreous opacities, &c. 
The primary systemic focus is rarely, if ever, in the acute stage. 
The diffuse form shows ophthalmoscopically areas raised some¬ 
what above «the surrounding fundus, covered by oedematous 
retina, and with hazy edges. There are usually vitreous 
opacities. The mass consists of granulation tissue containing 
giant cells, spreads until it involves the retina and may finally 
fill the posterior part of the globe. Similar ophthalmoscopic 
appearances are met with resulting from metastatic choroiditis 
{q.v.), and from changes following localised haemorrhage into 
the deep layers of the retina (so-called “ massive exudation ” 
in the retina {vide p. 365)). von Pirquet’s test or injection of 
tuberculin may afford help in the diagnosis. Such cases were 
formerly all diagnosed as tubercle of choroid, but this is cer¬ 
tainly not the case. They occur both in children and young 
adults, and may subside, particularly in the latter, leaving 
large areas of choroido-retinal atrophy. Possibly the cases 
which behave thus are not really tuberculous. 

Certainly true tubercle of the choroid may extend inde¬ 
finitely, especially in children, and the conglomerate type 
usually does so. The sclerotic becomes involved; perforation 
takes place, usually near a vortex vein or an anterior per¬ 
forating ciliary vessel, a fungating mass appearing under 
the conjunctiva. Both types in very young children may 
nearly simulate retino blastoma (especially “glioma endo- 
phytum ” {q.v .)), constituting one form of pseudoglioma 

Treatment. No local treatment is indicated in miliary 
tubercle of the choroid. The patient quickly succumbs to the 
general disease. In diffuse and conglomerate tubercle treat¬ 
ment with tuberculin should be instituted in the early stages, 
but if the eye is extensively involved it is best to enucleate it, 
and thus remove a dangerous focus from which the organism 
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may be disseminated into the system. Complete rest (even 
sanitorium treatment) is essential, and should be combined 
with sunlight or ultra-violet treatment. Diathermy, as used in 
detachment of the retina (q.v.), has been used for conglomerate 
tubercle (Weve). 

Brucellosis. Brucellosis may cause a chronic choroiditis 
indistinguishable from other types of diffuse choroiditis. For 
diagnosis and treatment sec p. 268. 

Metastatic Endophthalmitis. Endogenous bacterial infec¬ 
tion of the eye manifests itself in various ways. Most commonly 
the uveal tract is affected, either as a whole (metastatic uveitis) 
or in its individual parts, as for example in gonorrhoeal iritis. 
The milder forms of iridocyclitis ( q.v.) and uveitis are probably 
due to toxins circulating in the blood-stream, and derived from 
bacterial foci in other parts of the body, e.g the mouth, the 
generative apparatus, especially in women, the intestinal tract 
and so on. It is certain, however, from anatomical examination, 
that actual bacterial embolism occurs, and in these cases two 
facts stand out prominently. First, various organisms show a 
special selectivity for the various structures of the eye. Thus 
the tubercle bacillus never attacks the retina primarily, though 
this structure is often involved secondarily in tuberculous 
disease of the choroid. Second, except in the case of extremely 
virulent organisms, such as the streptococcus, the inflammation 
set up by endogenous infection is usually less severe than when 
the organism is introduced directly into the eye from without. 
Thus, if the eye is infected with pneumococci by a perforating 
wound an exogenous panophthalmitis (q.v.) is likely to be set 
up, leading to the complete destruction of the organ. So much 
is this the case that saprophytic organisms, such as the bacillus 
subtilis, which are non-pathogenic in other parts of the body, 
may cause panophthalmitis. If, however, an organism such 
as the pneumococcus invades the eye by way of the blood¬ 
stream, though an intense inflammation results it tends to 
subside more rapidly than in the exogenous cases. Probably 
the organism becomes attenuated in the blood-stream and 
tissues through the controlling effect of specific anti-bodies. 
In this manner virulent bacteria may set up endophthalmitis 
of every grade of severity. In the days when puerperal fever 
was prevalent, intense metastatic panophthalmitis, often 
attacking both eyes, was not uncommon. It was characterised 
by the appearance of an hypopyon and tho rapid development 
of a yellow pupillary reflex due to pus in the vitreous. An in- 
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tense metastatic uveitis, involving iris, ciliary body and choroid, 
and due to bacterial invasion, was set up. Such cases pro¬ 
gressed exactly like ordinary exogenous panophthalmitis ( q.v .). 

They are now seldom seen, but cases of metastatic bacterial 
invasion often of obscure origin still occur in which the early 
stage of uveitis with hypopyon is present. They occur in the 
course of infectious diseases, especially pneumonia, influenza, 
measles and scarlet fever, and of meningitis, dysentery, &c. 



Fig. 193.—Metastatic choroiditis. 


Ophthalmoscopically the media are hazy, so that the yellow 
cedematous retina is only dimly seen. Under treatment the 
condition gradually subsides, not infrequently with the restora¬ 
tion of useful vision. In more severe cases the inflammation 
causes destruction of the ciliary processes, the intraocular 
tension falls, and the eye gradually shrinks. In children the 
inflammation is probably often due to the diploeoccus intra- 
cellularis of Weichselbaum and is followed by an exuberant 
development of new fibrous tissue of cyclitic origin. These 
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cases are not easily distinguished clinically from glioma, and 
form the largest group of so-called pseudoglioma ( q.v .). In 
the milder cases there is less development of cyclitic fibrous 
tissue in the vitreous and less scarring of the retina, but whitish 
atrophic spots and areas accompanied by pigment disturbance 
persist as evidence of the previous inflammation. Yet milder 
cases give rise to ophthalmoscopic appearances which may be 
mistaken for diffuse or conglomerate tuberculous diseases of 
the choroid (q.v.) (Fig. 193), or thrombosis of a branch of the 
central vein of the retina. In some cases the optic papilla has 
been the chief local focus, and an appearance of intense 
papillitis with much exudation extending into the neighbouring 
retina is seen. Some of the cases have been associated with 
furunculosis, and there is little doubt that they are due to 
metastatic infection with staphylococci. Others have been 
proved to be due to the pneumococcus, meningococcus, &c. 
Other obscure cases of retinitis with white spots or oval areas, 
usually near the disc, with or without haemorrhages, are 
probably due to the same cause. 

The presence of precipitates (“ k.p.”) on the back of the 
cornea and inconspicuous posterior synechise shows that in 
many cases of apparently localised endogenous choroiditis the 
whole uveal tract is really involved (uveitis). 

The treatment depends upon the severity of the attack, and 
the possibility of determining the primary focus and the 
specific organism. In the worst cases the patient should remain 
in bed, and purgatives and the drugs for the relief of pain 
should be administered. Hot applications should be made and 
atropine instilled. Sulphonamide treatment should be tried (vide 
p. 695). If the eye becomes full of pus it should be enucleated 
or eviscerated according to the principles which govern the 
treatment of panophthalmitis of exogenous origin (q.v.). 

In the milder cases purgatives and general tonic treatment 
are indicated. Atropine should be instilled to keep the eye at 
rest, and dark glasses worn. Counter-irritation with leeches or 
blisters to the temple may be indicated. If the primary source 
of infection can be discovered it must be treated radically. 
If the organism can be isolated vaccine treatment is indicated, 
and in the more obscure cases treatment with a polyvalent 
vaccine may be of some avail. 

Suppurative or Purulent Choroiditis. See Metastatic Endo¬ 
phthalmitis (p. 343) and Panophthalmitis (p. 462). 

Degenerative Changes may be post-inflammatory or primary. 
The former, culminating in localised spots of complete atrophy, 
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have already been considered. Generalised atrophy, more or 
less complete, is found in the later stages of glaucoma. The 
loss of nourishment to the retina causes atrophy of the outer 
layers and of the nerve fibre layer in these cases. Degenerative 
changes in the choroid often cause migration of pigment from 
the pigment epithelium into the more superficial parts of the 
retina. The pigment tends to become deposited in the peri¬ 
vascular lymph spaces of the veins, so that the retinal veins 
may be mapped out here and there by pigment. More notice¬ 
able ophthalmoscopically are jet-black branched spots of pig¬ 
ment, resembling bone corpuscles, and standing out in sharp 
relief. This condition is seen in its most typical form in 
retinitis pigmentosa {q.v.) . An almost identical picture, though 



Fig. 194.—Section of “ colloid bodies,” seated upon the membrane of 
Bruch. They are undergoing calcification, as shown by the deeper 
staining in the inner parts. They are covered with stretched pigment 
epithelial cells. 


usually without the characteristic distribution of the pigmented 
spots, may result from choroidal atrophy due to other causes, 
e.g., syphilis. 

Primary choroidal degeneration may be localised or general: 
localised choroidal atrophy, apaft from the post-inflamma¬ 
tory forms, is usually either central or circumpapillary. 

Central Choroiditis, or more properly central choroidal atrophy, 
is most commonly the result of myopia {q.v.), syphilis, con¬ 
tusion (Chap. XXI.), or old age. 

Senile central choroidal atrophy assumes two chief forms. In 
central guttate choroiditis (Tay’s choroiditis) there are numerous 
minute yellowish white spots in the macular region (Plate X. 
Fig. 1). They may increase in numbers, but otherwise they 
remain stationary. They are always small, usually round, 
but the larger spots may have crenated edges, thus showing 
signs of fusion. There may be indefinite signs of greyish 



PLATE X. 



Fig. 2.—Central senile areolar choroidal atrophy. 

[ To face p. ,'!46. 


PLATE XI; 



Fig. 2.—Retinitis pigmentosa. 
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pigmentation of the edges of the spots, due to the fact that the 
pigment epithelium is stretched over them (Fig. 194). The 
condition is bilateral. They have been mistaken for diabetic 
or albuminuric retinitis (g'.v.) and retinitis punctata albescens 
( q.v .). They are easily distinguished from the former, in which 
the spots are much brighter and more glistening, and are often 
arranged in the form of a fan or star ; and from the latter, in 
which the spots are not limited to the macular region and are 
much whiter. In neither case is there any obvious disturbance 
of pigment. Central guttate choroiditis causes per se little 
impairment of vision, but other senile changes are often present 
and account for defective sight. The spots are due to peculiar 
hyaline excrescences on the surface of the choroid, commonly 
known as colloid bodies (Fig. 194). They are of the same nature 
as Bruch’s membrane, and like it are secreted by the pigmented 
epithelial cells. 

Central areolar choroidal atrophy —to be carefully distin¬ 
guished from Forster’s areolar choroiditis ( vide p. 340)— 
appears as a large circular or oval patch of degeneration in the 
macular region in which the choroidal vessels are visible, 
owing to atrophy of the retinal pigment epithelium (Plate X., 
Fig. 2). As a result of atrophy of the choroid the sclerotic 
shines through and the patch is white, though traversed by 
choroidal vessels. Only the larger choroidal vessels are seen, 
the smaller ones having disappeared, and even the large ones 
appear smaller than usual owing to degeneration of the walls. 
There is an absolute central scotoma. The condition is to be 
feared in cases of cataract in which perception of light seems 
defective ; hence the great importance of investigating the 
fundus thoroughly in cases of immature cataract. It is possible 
that this form of central choroidal atrophy is due to extravasa¬ 
tion of exudates. 

Besides these conditions, and much commoner, minute 
changes limited to the area at and immediately around the 
fovea centralis occur not infrequently in old people and lead 
to grave disturbance or abolition of central vision ( central senile 
macular degeneration). It is generally necessary to dilate the 
pupil with cocaine or homatropine in order that they may 
be seen, care being taken to instil eserine when the examination 
is finished {vide p. 311). When central vision is very poor in 
an elderly patient and no cause can be found to account for the 
defect, such as error of refraction, tobacco amblyopia, cataract, 
glaucoma, &c., pathological changes will probably be found 
at the macula. In the early stage the fovea is surrounded by 
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a ring of very fine pigment spots. The stippling is more 
sharply defined on the foveal side, which usually has a circular 
or crenated edge ; it diminishes rapidly peripherally, where the 
fundus becomes normal. The fovea gradually becomes paler 
in colour and the stippling denser, the change being associated 
with increasing failure of vision, until eventually the small 
central scotoma becomes absolute. The progress is usually 
slow. Both eyes are affected, but one is usually attacked 
before the other, and many months may intervene. It is 
often attributed on slender evidence to septic absorption. In 
the majority of cases, however, it is probably due to an 
obliterating sclerosis of the small vessels in the subjacent 
chorio-capillaris. 

Sometimes a round white or yellowish patch, about the size 
of the disc,.is seen at the macula and may be bilateral. 
Occasionally it appears as a raised mass of fibrous tissue 
{Disciform degeneration at the macula). The patient is usually 
old with obvious disease of the retinal vessels. Some of these 
patches undoubtedly follow haemorrhages. 

Treatment. The treatment of these degenerative changes 
is very unsatisfactory. When central senile changes are seen 
early the treatment of any source of sepsis, e.g., pyorrhoea 
alveolaris, should be carried out. Strychnine, thyroid extract 
and general tonic treatment is usually applied, but without 
much success. Smoking should be prohibited ( vide p. 397). 
The patient’s mind may be relieved to the extent that the rest 
of the field of vision is not likely to become affected, so that, 
although unable to read or do fine work, he can get about 
freely. In the early stages reading is facilitated by the use of 
a black mask in contact with the paper and exposing only one 
line of print; or by the use of a magnifying glass, especially 
a “ reading crystal,” i.e., a plano-convex lens in contact with 
the paper. 

Circumpapillary Choroidal Atrophy is found in myopia ( q.v .) 
and in late stages of glaucoma. 

Detachment of the Choroid. The choroid is often found 
detached from the sclerotic in eyes which have been lost by 
plastic iridocyclitis, glaucoma, &c. Detachment may also 
occur from severe haemorrhage or new growth. These cases 
cannot be diagnosed clinically. Fuchs has shown that the 
condition is not uncommon after iridectomy for glaucoma and 
cataract extraction, and attributes it to slight separation of 
the ciliary body, so that the aqueous percolates from the 
anterior chamber into the suprachoroidal space. It occurs 
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during the first days after the operation. The anterior 
chamber is shallow or abolished, and on ophthalmoscopic 
examination the detached choroid is seen as a dark masB 
behind the lens. It may be visible as a dark brown mass by 
oblique illumination. Detachment of the choroid occurs not 
infrequently after trephining for glaucoma. The prognosis is 
usually good, the choroid becoming replaced and the anterior 
chamber re-established. 

Sarcoma of the Choroid. See p. 424. 

Primary Affections of the Retina 

Primary affections of the retina in their most severe mani¬ 
festations are almost always the result of some general disease, 
and should, therefore, be properly regarded as symptomatic 
diseases to which the term “ retinopathy ” is sometimes 
more .applicable than the classical term “ retinitis.” The 
metabolic changes in the retina are so rapid that it seems almost 
immune from fatigue in the proper sense of the word ; hence 
retinal fatigue plays little or no part in causing asthenopia 
{vide p. 531). Hypercemia of the retina is often described, 
but can never be diagnosed with certainty in the absence 
of definite pathological signs in the retinal vessels {vide 
infra). 

These affections in general give rise to the following symptoms 
and signs, only some of which need be present in individual 
cases. There is usually some change in visual acuity. Rarely 
it is increased in the early stages ; more commonly it is dimi¬ 
nished throughout. There may be concentric diminution of the 
field of vision, or scotomata may be present corresponding with 
the areas specially affected. There may be metamorphopsia, 
micropsia, or macropsia {vide p. 339). The light sense is 
diminished, and photophobia may be present. Pain is almost 
invariably absent, though discomfort may be experienced. 

The ophthalmoscopic signs may be diffuse or localised. 
There may be general oedema, manifesting itself as a faint, 
diffuse haze, obscuring details, so that the normal bright red 
appearance is replaced by a paler cloudiness, often with 
definite white streaks, especially along the course of the 
vessels ; or there may be circumscribed areas of exudation. 
The latter appear as white spots, discrete or confluent, or 
yellowish plaques, varying in size. They are not pigmented 
and the edges are ill-defined, so that there is little danger of 
mistaking them for patches of choroidal atrophy. The blood 
vessels usually show marked changes. The veins are 
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distended, often irregular, darker than normal, and tortuous ; 
the arteries are less altered, but the finer branches are also 
tortuous. Haemorrhages are common, though they are not in 
themselves evidence of primary retinitis. When occurring in 
the superficial layers they are flame-shaped, with feathery edges, 
situated particularly along the course of the vessels; when in 
the deeper layers they are round, with better-defined contours. 

The optic nerve, being in anatomical and physiological 
continuity with the retina, often suffers with it; when this 
occurs to a marked extent the condition is called neuro¬ 
retinitis. The margin of the disc is then obscured and often 
shows a radial striation. The disc is red, and may be measur¬ 
ably swollen, though seldom, if ever, so much as in the condi¬ 
tion known as choked disc. 


Retinal atrophy, which follows severe retinitis, is shown 
by permanent whitish or yellow opacity, with diminution 
in the size of the vessels, which are often bordered by white 
lines. The optic disc may show all the signs of advanced 
atrophy (vide p. 401). 

It has already been pointed out that retinitis is most fre¬ 
quently the symptom of an internal disease. It is therefore 
usually bilateral. The diseases most commonly causing the 


condition are syphilis, vascular disease, nephritis, diabetes, 

i 1 • 16 ' .A*- 

and leucaemia. 

The treatment of retinitis consists in giving the eyes complete 
rest and in combating the general disease which is the cause. 


All near work is forbidden and the eyes are protected with 


smoked glass, or even confinement in a darkened room. 
Whether due to syphilis or not, mercury and iodides are given 
with a view to aiding the absorption of exudates and restoring 
the transparency of the vitreous, if this is affected. Mercury 
is‘contra-indicated in renal retinitis. These rAeans are supple¬ 
mented by purgatives, diaphoretics, and tonics. 


The blood vessels of the retina are peculiarly subject 


to disease, partly as a factor in the inflammation, but 
more prominently as a concomitant of general disturbance 
or disease. It will be well, therefore, to discuss the commoner 


forms of vascular disease of the retina before passing on to 
describe the chief types of retinitis in greater detail. 


Vascular Disorders of the Retina 

Ansemia may be part of general ansemia or due to local 
causes. It may be sudden or slow in onset. Sudden ansemia 
is seen in embolism of the central artery of the retina (q.v.) 
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and in quinine amblyopia {q.v.). Ophthalmoscopically there 
is great attenuation of the retinal vessels and the optic disc 
is pale. Spasmodic constriction of the retinal arteries has been 
described in migraine (vide p. 416), but it is doubtful if it 
occurs. I have seen one case of spasm of the retinal arteries 
in one eye, giving rise to the symptoms of embolism of the 
retinal arteries : it passed off during the actual ophthal¬ 
moscopic examination. The retinal vessels constrict under 
high oxygen concentration in the blood, and dilate in anoxaemia. 
Anaemia of slow onset is seen in atrophy of the retina from 



Fig. 195.—“ Copper-wire ” arteries, degeneration of the walla of a vein, 
and white spots of degeneration. 

any cause, such as previous retinitis, and in disease of the 
vessel walls as part of a general vasculitis. In both cases the 
vessels are attenuated, and sometimes in the former, and 
commonly in the latter, the walls become thickened and 
visible as white lines bordering the red blood stream; 
eventually the vessels may be transformed into white strands 
or may even disappear. 

Embolism of the Central Artery of the Retina causes sudden 
and complete retinal anaemia. The retina in rabbits dies within 
half an hour after complete blockage of the central artery, 
but probably survives longer in man. The eye, usually the left, 
becomes suddenly quite blind. Examination of the fundus 
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reveals a very typical picture (Plate XII., Fig. 1). The larger 
arteries are reduced to threads, the smaller are invisible. 
The veins are little altered except on the disc, where they are 
contracted. Within a few hours the retina loses its trans¬ 
parency, becoming opaque milky-white, especially in the 
neighbourhood of the disc and macula. Owing to the opacity 
of the retina the outlines of the disc, which is abnormally pale, 
are obscured. At the fovea centralis, where the retina is ex- 



Fio. 196.—Perivascular changes in the retinal vessels. 


tremely thin, the red reflex from the choroid is visible. It 
appears as a round “ cherry-red ” spot, presenting a strong 
contrast to the cloudy white background. The peculiar tint 
of the spot is due to this contrast. In the majority of cases 
there is no haemorrhage, as was once thought, though haemor¬ 
rhages here and in the immediate neighbourhood do occur 
rarely. The contrast sometimes brings into relief minute blood 
vessels near the macula which are otherwise invisible. 

Sometimes the obstruction to the blood flow is not complete, 
or the flow may be partially restored in the course of a few days. 
Another peculiar phenomenon may be observed or may be 
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induced by gentle pressure upon the globe. In some of the 
vessels, usually veins, the column of blood is broken up into 
red beads separated by clear interspaces. The beads move in a 
jerky fashion through the vessels, sometimes in the normal 
direction of blood flow, sometimes in the opposite direction. 
If the veins are easily emptied of blood or arterial pulsation is 



Fia. 197.—Obstruction of the Central Artery (Coats). Showing cen¬ 
tral vessels posterior to lamina cribrosa. The artery, to the left, 
is collapsed and obliterated by proliferation of endothelium. 

The vein is concentrically narrowed by thickening of its walls, 
not by endothelial proliferation. 

produced by slight pressure on the eye-ball, it is evidence of 
incomplete blockage. 

The retinal oedema, or more probably coagulation necrosis, 
takes several weeks to clear up. The membrane regains its 
transparency, but is completely atrophic. The vessels are 
contracted or reduced to white threads. The disc is atrophic. 
If there have been haemorrhages spots of degeneration replace 
them, and cholesterin crystals and pigmented spots may be 
seen in the papillo-macular region. 

In some cases a certain degree of central vision persists in 
spite of apparent complete occlusion of the central artery. It 
is due to, the presence of cilio-retinal arteries (vide p. 125), 
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which, when present, always supply the macular region, and 
naturally escape occlusion; or to a macular branch of the 
central artery given off proximal to the block. The remainder 
of the field of vision is lost. In rare cases a cilio-retinal artery 
alone becomes blocked. 

After the first stage, in which the arteries are threadlike 
from sudden partial or complete arrest of blood flow, the 
vessels refill slightly, showing a small stream in more or less 
normal arteries. This is due to establishment of a feeble col¬ 
lateral circulation through the anastomoses with the ciliary 



Fia. 19S.—Retinal vein with enormously thickened wall and narrow 
lumen (Coats). The perivascular lymph space is dilated. 


system round the disc {vide p. 11). At a later stage the vessel 
walls become thickened, so that the thin red line is bordered 
by white lines, the last stage of threadlike sclerosed arteries. 
The final stage of complete obstruction of the central artery 
shows a pale atrophic disc due to degeneration of the nerve 
fibres of the retina and disappearance of the capillaries of the 
nerve head, threadlike retinal arteries containing blood only 
on and near the disc, and larger veins containing blood : the 
rest of the fundus is of normal colour and appearance. Unusual 
freedom of collateral circulation may account for the consider¬ 
able recovery of vision which occurs in rare instances, almost 




PLATE XII. 



Fig. 2—Thrombosis of the central vein. 


[T(> face p. 354. 




PLATE XIII, 



Fio. 2 —Retinitis proliferans. 
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invariably limited to the temporal field. In rare cases, too, 
visible anastomoses have been seen on and at the edge of the 
disc. 

It might be thought that the intraocular pressure would 
force the blood out of the veins ; but there is normally some 
obstruction to the outflow at the lamina cribrosa, where the 
venous pressure is lowest. This is shown by the occurrence of 
venous pulsation (vide p. 126). The blood is dammed 
back by the constriction of the elastic fibres of the lamina 
cribrosa. 

In other cases the embolus is arrested in a branch of the central 
artery. The area supplied by this branch is then affected alone. 
In the early stages the corresponding scotoma is usually some¬ 
what indefinite, but later it settles down to a permanent sector- 
shaped defect. 

When perception of light is lost the pupil is large and the 
direct reaction to light fails. The intraocular tension is normal, 
as might be anticipated. 

There is occasionally the history of prodromal attacks of 
temporary obscuration of vision. Some are due to local 
arterial disease associated with temporary diminished blood 
pressure, and arterial spasm may play a part. 

Embolism of the central artery, like cerebral embolism, 
occurs with mitral stenosis, especially if there has been fresh 
endocarditis. This factor is, however, very frequently absent, 
and it is probable that most cases are really due to thrombosis. 
There has been endarteritis, due to general arteriosclerosis from 
nephritis, &c., and the already narrowed lumen of the vessels 
has become suddenly occluded. The onset may be less rapid 
in such cases and preceded by premonitory symptoms, such as 
obscuration of vision, &c. Other cases render it probable that 
the condition may be due simply to spasm of the walls of the 
artery, thus accounting for some remarkable cures. In others 
it may be that an embolus has been forced on into a smaller, 
more peripheral branch. 

The condition has been observed at ages varying from fifteen 
to eighty. Bare cases of simultaneous bilateral blocking of the 
central arteries have been recorded. 

The blockage, whether due to embolus or thrombosis, is 
nearly always at the lamina cribrosa, where the vessels 
normally become slightly narrowed (Fig. 197). The retina 
undergoes atrophy of the nerve-fibre and ganglion cell layers, 
with preservation of the outer layers, which receive their 
nourishment from the chorio-capillaris of the choroid. 

12 —* 
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Treatment is seldom of any avail, but attempts should be 
made to drive the obstruction on into a less important branch if 
the case is seen early. Massage of the globe, and paracentesis 
have been employed for this purpose ; such measures must be 
adopted without delay. Inhalation of amyl nitrite is useless— 
as might be expected—since it lowers the general blood pres¬ 
sure and leads to passive constriction of the intraocular 
vessels. A definite case of cure of embolism of a branch of 
the central artery by the subconjunctival injection of acetyl¬ 
choline has been reported (Orr and Young): 8 minims 
(B.D.H.) should be injected into Tenon’s capsule and behind 
the equator. The drug causes great dilatation of both arteries 
and veins in the retina, the embolus being driven on into a 
smaller and more peripheral branch. 

c 

Amaurotic Family Idiocy (Syn. — Tay-Sachs Disease) shows 
ophthalmoscopic signs resembling those of embolism of the 
central artery, but of quite different origin. The disease occurs 
almost if not quite invariably in Jewish children, and commences 
during the first year of life. Several members of a family may be 
affected. .The apparently healthy child becomes gradually blind, 
with muscular weakness and wasting, and mental apathy passing 
into idiocy.' Death follows in from one to two years. The opthal- 
moscopic picture is very characteristic and the same in every 
case. There is a round brilliantly white area at the macula, 
fading off peripherally into the normal fundus. In the centre of 
the patch is a brownish-red, circular spot at the fovea. In the 
later stages there is optic atrophy. It is always bilateral. 
The disease is a primary lipoid neuronic degeneration of 
the whole of the central nervous system, including the ganglion 
cells of the retina, associated with profuse overgrowth of 
neuroglia. 

Maculo-cerebral Family Degeneration has some points of 
resemblance to amaurotic family idiocy, and has been regarded as 
a delayed or juvenile form of the disease, but should be carefully 
distinguished from it. It is a familial disease, occurring in other 
than Jewish children, and commencing at a later age, usually at 
about six or eight years. It is relatively commoner in Sweden 
(Sjogren). Defective vision, with central scotoma, is accompanied 
by weak intellect, convulsions and spasticity. Ophthalmoscopically 
the discs are pale and the vessels small. At the macula there are 
yellowish-grey spots and granular pigmentation, and there may 
be pigmentation in other parts of the retina. The ophthalmoscopic 
picture varies much in different cases. Similar macular degenera-' 
tion beginning between the ages of twelve and fourteen has been 
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seen as a familial disease without cerebral deterioration (Star- 
gardt's Disease). 

Degenerative Changes in the Retinal Vessels, apart from 
their interest as a local manifestation of disease, are of the 
utmost importance in general prognosis. They may be the 
first evidence of arteriosclerosis, and particularly of disease of 
the cerebral vessels, pointing to the daDger of cerebral haemor¬ 
rhage, and indicating lines of treatment which may prolong 
life. Disease of the retinal vessels is almost invariably asso¬ 
ciated with disease of the cerebral vessels, but disease of the 
Utter may be present when there are no ophthalmoscopic signs 
of disease of the retinal vessels (Foster Moore). Undue tor- 



Fio. 199.—Retinal vein crossed by an artery (Marcus Gunn). A. In 
health, the underlying vein dimly traceable beneath the artery. 
B. In early stage of arteriosclerosis, the vein somewhat 
displaced in the direction of the arterial circulation, and its 
blood flow slightly obstructed. C. In advanced stage of 
arteriosclerosis, the vein greatly narrowed where crossed and 
distended on the peripheral side. 


tuosity of the vessels is of no significance unless accompanied 
by other abnormalities, such as irregularity in the size and 
breadth of the arteries, so that stretches of the vessel are much 
constricted, alternating with normal or somewhat dilated por¬ 
tions. These changes in the lumen are due to endothelial pro¬ 
liferation in the intima. Minute miliary aneurysms are seen 
in rare cases. The normal light reflex from the vessel walls iB 
often unusually bright and broad, especially in vessels at some 
distance from the disc (** copper-wire ” arteries) (Fig. 196). 
Under normal conditions it is possible to see a vein through an 
artery at a point of crossing; in arteriosclerosis the artery 
loses its translucency so that the vein is obscured. Moreover, 
the artery exerts an abnormal pressure on the veins so that the 
blood flow is obstructed; the vein seems therefore to stop at 
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the crossing and is more distended on the distal side than on the 
side towards the disc (Fig. 199). Sometimes the vein appears 
to be pushed aside by the crossing artery ; in severe cases the 
vein, whether crossing, above or below the artery, is diverted 
so that it crosses at right angles, the shortest possible route. 
The veins may also exhibit a beaded appearance, with alternate 
constrictions and dilatations. More pronounced changes make 
the walls of the vessels visible, so that the blood column, often 
narrowed, is bounded by white lines, the thickened fibrous 
walls (Fig. 196); this may affect both arteries and veins, 
usually only individual vessels, in a portion of their course 
(Figs. 195,196). 

The changes indicated lead to increased permeability of the 
walls, and increased internal pressure, due to general disease, 
supplements this defect, and causes undue extravasation of 
lymph, and even haemorrhage. (Edema of the retina thus 
arises, manifesting itself as a greyish opacity around the disc, 
or in spots along the course of the vessels. Haemorrhages occur 
as linear striated extravasations along the vessels, or as round 
spots scattered over the fundus. 

These changes occur most frequently in elderly people and 
are seldozfi entirely absent in the aged. They are specially 
pronounced in cases of chronic nephritis, syphilis, some forms 
of poisoning, especially by lead and probably by auto-intoxi¬ 
cation, notably that of intestinal origin. They are frequently 
associated with high blood pressure, and always indicate the 
necessity for exhaustive examination of the circulatory and 
excretory systems. On the other hand, the blood pressure may 
be normal, possibly owing to cardiac dilatation, and these 
cases are probably more subject to thrombosis (Foster Moore). 
The prognosis as regards life in retinal vascular disease is 
decidedly better than in cases of renal retinitis (q.v.), though 
the patients may die suddenly from cerebral haemorrhage or 
thrombosis. Vascular changes are more frequent in women 
than men, though the former seem to be more tolerant of high 
blood pressure than the latter (Foster Moore). They may be 
very marked and extensive in quite young people as the result 
of congenital syphilis ; rarely as an hereditary condition with¬ 
out syphilitic taint. Extensive disease of the retinal vessels, 
with much diminution in their calibre, so interferes with the 
nutrition of the retina that cpnsecutive atrophy of the optic 
nerve not infrequently follows. The ophthalmoscopic appear¬ 
ances of the vessels and disc then closely resemble those found 
in advanced cases of retinitis pigmentosa. This condition may 
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be accompanied by groups of sharply defined small white spots 
in the retina and even a fan- or star-shaped figure at the macula 
(Foster Moore) (arteriosclerotic retinitis). It is frequently 
unilateral, thus differing from renal retinitis. 

Angioid Streaks. Dark brown or pigmented streaks, which 
anastomose with each other and resemble blood vessels in distri¬ 
bution, are sometimes seen ophthalmoscopically in retin® which 
are undergoing degenerative changes. They differ in distribution 
from any normal set of vessels, are usually situated near the disc, 
at a deeper level than the retinal vessels, and are very irregular in 
contour. They are often associated with elastic pseudoxanthoma 
of the skin. They may be due to proliferation of new vessels 
into scar tissues (W. T. Lister), or to pigmented fibrous bands in 
the inner layers of the choroid (Verhoeff); but are probably due 
to changes in the elastic tissue of Bruch’s membrane., 

Hypersemia may be arterial or venous. Arterial hypersemia, 
characterised by fulness and tortuosity of the arteries, accom¬ 
panies not only inflammation of the retina, but also inflamma¬ 
tion of neighbouring structures, especially the uveal tract. 
Venous hyper®mia, characterised by dilatation and great 
tortuosity of the veins, is the result of impeded return of blood 
to the heart. It may be due to general venous congestion, 
seen in its .most extreme form in congenital malformation of 
the heart (cyanosis retince), or to local causes. The latter 
most commonly affect the veins in the porus opticus, as is seen 
in moderate degree in glaucoma and optic neuritis, and in 
extreme form in thrombosis of the central vein of the retina. 
Increased intraorbital pressure, as from a tumour, may also 
impede the exit of blood from the eye. The veins are much 
enlarged and dark in colour in polyeyth®mia. 

Haemorrhages from the retinal vessels may be pre-retinal or 
intra-retinal. Pre-retinal or subhyaloid ha morrhages'&ie extra - 
vasations of blood between the retina and the vitreous. They 
always occur in the neighbourhood of the macula, and are 
usually large. They are round at first, but quickly become 
hemispherical, the upper margin being straight; this is due 
to the effect of gravity (Plate XIII., Fig. 1). Occasionally two 
such hremorrhages may be seen in the same eye. Retinal 
vessels are hidden from view in the affected area. The upper 
layers become lighter in colour, generally attributed to the 
sinking of the red corpuscles. The blood gradually becomes 
absorbed, usually in a patchy manner, but finally disappears, 
though numerous cholesterin crystals may often be left as 
bright glistening spots. Vision is restored, but recurrences are 
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not uncommon, and other complications of vascular origin may 
modify the otherwise favourable prognosis. They are, for 
example, not uncommon in cases of subarachnoid haemorrhage 
{vide p. 609). 

Intra-retinal haemorrhages, as already mentioned, are striate 



Fro. 200.—Thrombosis of a branch of the central retinal vein. 


or flame-shaped when situated in the nerve fibre layer, rounded 
or irregular when in the deeper layers or between the retina 
and choroid. Intra-retinal haemorrhages are absorbed very 
slowly, gradually becoming white, rarely pigmented. 

Retinal haemorrhages are due to many causes. Most fre¬ 
quently the vessel walls are weakened by general disease, 
which may be a vascular degeneration due to age or to altered 
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composition of the blood, as in pernicious anaemia, leucaemia, 
scurvy, purpura, nephritis, diabetes, hyperemesis gravidarum 
(uwfe p. 616), &c. Any of the causes leading to retinal hyper- 
semia may give rise, secondarily, to haemorrhages. They may 
be due to pressure during birth in new-born infants, and are 



Fio. 201.—Thrombosis of central vein. (Coats.) Longitudinal seotion 
of nerve. From the region of the lamina oribrosa, A, backwards, 
the vein is occupied by a homogeneous coagulum; there is slight 
endothelial proliferation. At B the coagulum is invaded by cells, 
polymorphonuclear leucocytes, and larger paler cells. 

probably responsible for some so-called congenital retinal 
defects, eg., white and pigmented spots of atrophy at the 
macula and elsewhere. Similarly they occur in cases of severe 
compression of the thorax or neck in older people. Whooping 
cough may lead to retinal as well as the more common con¬ 
junctival haemorrhages. Traumatism, e.g., severe contusions 
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and wounds, gunshot wounds of the eye, and of the orbit 
without direct injury to the eye, is another cause, and is often 
responsible for very extensive extravasations of blood, which 
may burst through into the vitreous. To this category belong 
the post-operative haemorrhages. When the globe is opened in 
performing cataract extraction, or, still more, iridectomy for 
glaucoma, the normal or raised intraocular tension is suddenly 
reduced to zero. The intraocular vessels then dilate, and great 
strain is thrown upon their walls. If these are diseased, there 
is much danger of their rupturing. Considering the age and 
condition of these patients, it is surprising that haemorrhage 
is not more frequent. 

Minute haemorrhages, unless in the macular region, may 
cause little obscuration of vision. Subhyaloid haemorrhage 
usually abolishes central vision temporarily: it takes some 
weeks to clear up, the length of time varying with the size of 
the extravasation. The smaller spots may remain unaltered 
for months, though this is only apparent in some cases, old 
spots clearing up and being replaced by new ones. They 
may be absorbed without leaving any trace. 

Venous Thrombosis may affect the central vein of the retina 
(Plate XII., Fig. 2) or one of its branches (Fig. 201). In the 
former case the obstruction is always just behind the lamina 
cribrosa (Fig. 201). All the veins of the retina become 
enormously engorged with blood, and extremely tortuous. 
Blood escapes from the capillaries at innumerable spots, so 
that the retina is covered with haemorrhages. Sight is much 
impaired, though not so rapidly as in obstruction of the 
central artery, but recurrent extravasations finally destroy 
it entirely. In the early stages there is constriction of the 
field of vision and usually a central scotoma. When a 
single branch is blocked the oedema and haemorrhages are 
limited to the area supplied by the vein; the block is 
usually at a bifurcation or where a sclerosed artery crosses 
the vein. In these cases the defect in vision is not sectorial, as 
in the case of a branch of the artery; the prognosis for central 
vision is best in these cases, but unfortunately it is the superior 
temporal vein which is most often blocked. The affected retina 
becomes atrophic, with fine pigmentary changes. Secondary 
glaucoma ensues in two to three months in a considerable 
number of the cases, probably owing to the increased albu¬ 
minous constituents of the intraocular lymph. It does not 
occur when only a tributary is involved. In many cases 
bunches of tortuous new vessels are formed upon the disc 
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(Fig. 202); in others a collateral circulation is effected by- 
similar tortuous new vessels in the retina. Such vessels often 
project forwards into the vitreous, 
and may rupture, leading to 
extensive vitreous haemorrhages. 

Vascular disease and haemorrhages 
are not infrequently present in 
the other eye, and bilateral 
thrombosis of the central vein 
sometimes occurs. In all cases 
examined microscopically the 
vessel walls show endothelial 
proliferation. The lumen is 
constricted, and it is probable 
that this factor is as important 
in causing obstruction as actual 
thrombosis. 

The patients are usually elderly, 
with cardiac or vascular disease, fio. 202 ,—New-formed vessels, 
often induced by nephritis ; the (Foster Moore.) 

blood pressure is usually high, 

and there is often albuminuria. Women are affected more 
often than men. The obscuration of vision is almost always 
noticed on waking in the morning. Probably the low blood 
pressure and sluggish flow during sleep allow thrombosis 
to occur in the vessel where it is constricted normally 
at the lamina cribrosa and pathologically by endovascular 
changes. Thrombosis may, however, be due to local causes, 
such as orbital cellulitis, following facial erysipelas, &c. It 
occasionally occurs in young people following a febrile attack, 
and is then probably due to an infective phlebitis. The other 
eye usually shows vascular disease and often small haemorrhages 
in the periphery of the retina. Bilateral thrombosis is rare. 

Treatment. No treatment is of avail in cases of complete 
occlusion. Cases of improvement in partial thrombosis by 
intravenous injections of heparin have been published. Atropine 
should be avoided, as tending to induce glaucoma. Local 
treatment is indicated only if the eye becomes painful, when 
it should be removed. The condition is to be regarded as a 
danger signal, and constitutional investigation and treatment 
should be carried out assiduously. 

“ Retinitis Proliferans. ’ ’ When haemorrhage occurs into the 
vitreous the blood clot is usually almost completely absorbed. 
This is probably due to the absence of fibroblasts in the 
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vitreous and their scantiness in the retina, for the retinal 
connective tissue consists of neuroglia, an epiblastic structure 
which probably takes no part in fibrous tissue formation. The 
only mesoblastic tissue in the retina is that forming and sur¬ 
rounding the retinal blood vessels. In some cases, however, 
blood clot may organise, giving rise to masses of fibrous 
tissue in the vitreous, vascularised by newly formed blood 
vessels derived from the retinal system (Plate XIII., Fig. 2). 
This condition is known as “ retinitis proliferans.” The tissue 
is most commonly situated near the disc, and the vessels 
spring from this neighbourhood, probably owing to the fact 
that there is more mesoblastic tissue here than in other parts 
of the fundus. 

There seems to be some special factor necessary to stimulate 
organisation; and it is found in some general diathesis. In 
nearly all these cases there is either a history of syphilis or the 
patient is suffering from nephritis, diabetes, or some other 
form of toxaemia, the origin of which may be obscure, as in 
some cases of recurrent haemorrhage (vide p. 332). 

The amount of fibrous tissue varies from the most delicate 
strands and films supporting new-formed blood vessels— 
specially common in syphilitic cases (vide p. 372)—to 
dense bands and membranes stretching far forwards into 
the vitreouB and haling the fundus. Most extensive pro¬ 
liferations are met with in war injuries with rupture of both 
choroid and retina. The bands are often attached to the 
retina at their apices, and as the fibrous tissue contracts after 
formation the retina may be pulled up and detached. 

Vision is generally greatly impaired and often lost, usually 
from detachment of the retina. No treatment is of any avail, 
but attention should be given, where that is possible, to the 
constitutional cause of the hemorrhage. 

Retinitis Circinata. (Syn.—Circinate Degeneration). Retinal 
haemorrhage may give rise to yet another condition in rare cases, 
generally elderly women. In retinitis circinata there is a girdle 
of bright white patches with crenated borders around the macula 
(Fig. 203). The diameter of the girdle, which is usually an imper¬ 
fect circle or ellipse, or horseshoe-shaped, open towards the 
temporal side, is generally considerably greater than a papilla 
diameter, and follows the larger macular branches of the superior 
and inferior temporal vessels. The vessels pass over the spots. 
The macula shows yellowish white areas, slight pigmentation 
and often hsemorrhages. The patches develop slowly and are 
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usually well advanced before noticed. The disease is unilateral 
m about half the cases ; exudative retinitis has been observed 
in the other eye (Coats). Central vision is much reduced, but 
the field remains full The patches sometimes disappear slowly 



Fio. 203.—Retinitis circinata. (Holmes Spicer.) 


and vision improves. Mercury and iodides seem to afford the 
best chance of amelioration. 

Exudative Retinitis (Syn.—Massive Exudation in the 
Retina (Coats)) resembles conglomerate tubercle in its ophthal¬ 
moscopic signs. There is usually a large raised yellowish white 
area or several smaller areas posterior to the vessels. The vessels 
often show gross degenerative changes, and there is sometimes 
arterio-venous communication, with enormous dilatation of the 
veins. The patients are usually boys, otherwise apparently 
healthy. Detachment of the retina, cataract or glaucoma may 
occur in the late stages. There is always evidence microscopically 
of haemorrhage between the retina and choroid and in the deep 
layers of the retina ; the choroid is at first healthy. 

Angiomatosis of the Retina (Syn.—Angiomatosis Retinas, von 
Hippel, Lindau) is a rare familial disease which generally becomes 
manifest in the third and fourth decades of life, more frequently 
in males than females. In its later stages it resembles exudative 
retinitis in ophthalmoscopic appearance. The cerebellum, 
medulla, spinal cord, kidneys and adrenals are also affected with 
angiomatosis and cysts. The ocular lesions are often bilateral, 
slowly progressive, and may precede a fatal cerebellar lesion by 
ten to fifteen years. The ophthalmoscopic appearances vary: 
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(1) A raised pinkish-yellow swelling about 3 mm. in diameter, 
situated between the equator and the ora Berrata, to and from 
which run a branch of the central artery and vein, both dilated 
to three or four times their normal calibre and very tortuous. 

(2) Multiple crimson glomerulus-like tufts at the ends of tortuous 
arterioles, situated between the optic disc and the equator. 

(3) A mulberry-like swelling containing small cysts on the disc 
and adjacent retina. Retinal and vitreous haemorrhages and 



Fia. 204.—Angiomatosis retinae. (Stallard.) 

retinal exudates occur later, and detachment of the retina leads to 
blindness. 

Treatment. In the early stages the insertion of a katholysis 
or diathermy needle into the retinal lesion is effective in destroying 
it. The number of perforations is assessed according to the size 
of the mass. 

Renal Neuro-retinitis {Syns.—Renal Retinopathy, Albu¬ 
minuric Retinitis) in its most typical form, presents an ophthal¬ 
moscopic picture which is almost pathognomonic, being 
simulated only in some cases of intracranial tumour (Plate 
XIV.). In addition to the general signs of retinitis—haziness 
of the retina and disc, hyperaemia and haemorrhages—the 
distinguishing feature is the presence of brilliant white spots 
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and. patches in the retina. The earlier deposits are cloudy, 
with soft edges ( <f cotton-wool ” patches); the later brighter, 
more sharply defined and punctate. The disc is surrounded 
by large white patches or by a continuous " snow-bank.” 
Around the macula arc smaller dots or round patches, also 
silvery white. Radiating from the fovea are spokes of white 
dots or fine lines, forming a star-shaped figure which is ex¬ 
tremely characteristic. The fovea itself escapes and the star 
is often incomplete in some direction. The vessels generally 
show very definite degenerative changes (vide p. 357). In 
some cases, especially in the albuminuric retinitis of preg¬ 
nancy, a flat detachment of the retina occurs, almost certainly 
due to the retina being raised 
from the choroid by exudates. 

The detachment is usually bilateral 
and involves the lower part of the 
fundus. Unlike most detachments 
of the retina, these frequently 
disappear, the exudates being ab¬ 
sorbed. 

Renal retinitis by no means 
always displays the typical picture. 

Often there is a neuro-retinitis 
which exhibits no characteristic 
features specially associated with 
nephritis. In these cases there is 
moderate swelling of the disc— 
seldom so much as in the choked 
disc of intracranial disease—more 
or less widespread oedema and 
haemorrhages. Irregularly scattered bright white spots and 
patches may be present or wanting. The urine should be 
examined in every case of retinitis. 

The white spots of renal retinitis are chiefly composed of 
exudates, which are often fibrinous (Fig- 205), later becoming 
hyaline. They are situated particularly in the outer reticular 
layer, where large vacuoles are filled with fluid, fibrinous 
coagula, or hyaline deposits, ofteu associated with large 
globular macrophages ; they may be present in all the layers. 
There is some leucocytic infiltration, and peculiar swollen 
nucleated structures—cytoid bodies—are found in the nerve 
fibre layer; they are probably varicose nerve fibres. The 
exudates and necrotic retinal elements undergo fatty degenera¬ 
tion. The peculiar arrangement of the spots in the macula 



Fig. 205.—Renal retinitis. 
Masses of fibrinous exudate 
in the retina. 
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is not due to any supposed radial distribution of Muller’s 
fibres in this situation, but to fluid which raises the 
internal limiting membrane and follows the radial course of the 
nerve-fibres as they arch towards the disc. Spread of the 
oedema to the loose reticular layer, which is very well marked 
in this situation, throws the retina into actual radial folds, the 
fovea itself remaining unchanged and as it were “ pegged 
down.” The disc shows the same changes as in papillcedema 
( q.v .), but less marked. The changes in the blood vessels are 
those common to vasculitis in other small vessels, consisting 
of endo- and peri-vasculitis and hyaline degeneration of the 
walls. 

There is no constant relationship between the retinitis and 
the vascular disease. The vessels may be quite normal, e.g., in 
some puerperal cases and in the rare cases occurring with acute 
nephritis. In the cases with chronic interstitial nephritis, i.e., 
the great majority, the vessels are much diseased. The retinitis 
is, therefore, not directly due to the vascular disease, but 
probably to toxins circulating in the blood stream. 

Renal retinitis occurs in about one-third of cases of nephritis 
and may occur in all forms of nephritis, including scarlatinal, 
puerperal and “ trench ” nephritis, but in by far the greatest 
number of cases the disease is chronic interstitial nephritis, 
and it is very rare in ordinary acute nephritis. The last- 
mentioned fact accounts for the small quantity or even total 
absence of albumin in the urine in some cases. Though the 
degree of retinitis bears no fixed relationship to the nature 
or severity of the renal mischief, yet in all cases its presence is 
of grave significance. As a general rule its appearance requires 
a combination of two essential factors—toxaemia and hyper¬ 
tension with vascular sclerosis ; it is seen in its most marked 
form in malignant hypertension (nephro-sclerosis). The K 
retinal changes may be the first evidence of renal disease, 
hence the extreme importance of their discovery, which is 
accentuated by the fact that the majority of hospital patients 
die in from six months to two years. Under more favourable 
conditions patients may survive five years or even longer. 
The prognosis is equally grave in children. The risk to life 
is much less in the scarlatinal and puerperal cases. In the 
later the prognosis is worse the earlier the onset of the 
retinitis, but fortunately it seldom commences before the 
sixth month of pregnancy. The artificial induction of 
abortion is indicated, ‘ and usually has a prompt beneficial 
effect; vision, however, is usually permanently impaired, the 



PLATE XIV. 



Era. 2 


■Renal neuro-retinitis. 


[2 T o fare p. 30S. 






PLATE XV. 



Simple detachment of the retina (diagrammatic). 
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degree depending npon the duration of the retinitis. The 
“ cotton-wool ” patches clear up first, the glistening macular 
spots more slowly. Partial optic atrophy and slight retinal 
changes, such as white or pigmented spots at the macula, 
follow. The disease does not always occur at the first preg¬ 
nancy ; but may, after one attack, recur at subsequent preg¬ 
nancies, though by no means always. The patient should, 
however, be warned of the danger. The retinal changes 
in puerperal cases are usually severe, and detachment of the 
retina occurs more frequently in these than in other cases. 
If pregnancy is not interrupted spontaneously or artificially 
death (about 15 per cent, of cases) or blindness (about 13 per 
cent.) occurs, and the child is usually born dead. 

Diminution of visual acuity is commonly the only symptom 
complained of, and, as mentioned, may lead to the discovery 
of the renal disease. Generally the history of severe headaches 
can be elicited, and the blood pressure is high, usually about 
200 mm. Hg. The condition is almost always bilateral. It very 
rarely causes complete blindness. It occurs more often in men 
than in women, owing to the greater incidence of nephritis in 
men ; in children it is commoner in girls than in boys. It is 
commonest between thirty and sixty years of age, especially 
in the last decade; but it is probably more frequently asso¬ 
ciated with the parenchymatous nephritis of children, which is 
generally syphilitic, than has been hitherto thought (Nettle- 
ship). 

It is important to note that transient blindness may occur in 
the course of nephritis, especially associated with uraemia. In 
these cases the retina shows no abnormality, or at most changes 
which may occur independently of the disease. This uraemic 
amaurosis is distinguished in being sudden total blindness, 
whereas the defective vision of albuminuric neuro-retinitis is 
slower in onset and never complete. Sight usually returns in 
one or two days (vide p. 414). 

Diagnosis. The typical picture of albuminuric retinitis 
may be nearly simulated in some cases of increased intra¬ 
cranial pressure, particularly when due to cerebral tumours 
occurring in children (vide p. 3o8). It may occur without any 
definite signs of nephritis, and somewhat similar appearances 
are met with in diabetes and leucaemia. Barely a star at 
the macula, with or without slight papillitis, has been met 
with in young persons with anaemia or chlorosis, or without 
discoverable cause. 

The treatment of these conditions is purely constitutional. 
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Diabetic Retinitis. Retinitis is a relatively rare complication 
of diabetes, occurs in the late stages, and in elderly people; 
it is not improbable that it is frequently missed owing to the 
peripheral position of the lesions, opacities of the lens, &c. It 
is generally, but not always, bilateral. Irregularly scattered 
small, bright white spots around the macular region are the 
commonest manifestation. The snowy patches and stellate 



Fig. 206.—Diabetic retinitis. 


arrangement at the macula are usually absent, but it must 
be remembered that albuminuria is a frequent concomitant 
of the late stages of diabetes, and all the characteristics of 
albuminuric retinitis may occur. The white spots may coalesce 
into larger plaques with crenated edges, which indicate their 
mode of formation. Punctate haemorrhages are freely 
scattered over the fundus: they are more often round and 
deeply seated than linear and superficial, as in renal retinitis. 
The vessels are often normal, but a degree of vascular degenera- 
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tion correlated with the age of the patient is not uncommon : 
it is noticeably less than in albuminuric retinitis. The optic 
disc is generally normal, as well as the remainder of the retina. 

The prognosis depends upon the severity of the constitu¬ 
tional condition; 60 per cent, live more than two years. Under 
insulin treatment the retinitis may persist indefinitely, for this 
treatment appears to have no effect upon it. 

Diabetic retinitis cannot be due to sugar, di-acetic acid or 
acetone circulating in the blood, since it does not occur in 
children in whom these products of perverted metabolism 
are most markedly present. The minimal pathological 
change is the deposition of fatty droplets in the endothelial 
lining of the retinal capillaries near the macula. Where these 
droplets are most numerous they tend to obstruct the lumen 
of the vessel, forming a small micro-aneurysm. * This micro¬ 
aneurysm in the macular area is the earliest retinal diabetic 
change seen with the ophthalmoscope, and hitherto it has 
been mistaken for a retinal haemorrhage. The venous obstruc¬ 
tion thus caused in turn gives rise to changes throughout the 
retinal venous system, varying from networks of newly formed 
vessels to gross beading and looping of the larger veins 
(Ballantyne). 

A peculiar feature sometimes met with in diabetes is lipamia. 
It occurs especially in young patients, with marked acidosis, 
and the prognosis is grave. The ophthalmoscopic appearances 
are then striking, the retinal vessels containing fluid which 
looks like milk. The arteries are pale reddish, the veins having 
a slight violet tint. The general fundus has much the normal 
coloration. Lipsemia responds rapidly to insulin treatment. 

Leucaemic Retinitis. When retinal changes occur in the 
course of leucaemia the ophthalmoscopic appearances are 
characteristic. The fundus is pale and orange-coloured. The 
veins are dilated and tortuous, often with white lines along 
them, and are bright red, not dark ; the arteries are small and 
pale yellowish red. Very typical are white spots and patches 
surrounded by a red rim; they consist of leucocytes sur¬ 
rounded by red corpuscles. These are present only rarely, 
and are also found in pernicious anaemia. They are most 
common in the periphery of the retina. In every doubtful 
case the blood should be examined. 

Special Forms of Retinopathy 

Syphilitic Retinitis. Syphilis is one of the commonest causes 
of retinitis, but it is usually a secondary retinitis, accompanying 
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disease of the choroid. It, however, oocurs as a primary 
retinitis also, and in this form syphilitic endarteritis is a pro¬ 
minent sign. There are dust-like opacities in the vitreous, 
especially in the posterior part; the retina is cloudy, par¬ 
ticularly in the neighbourhood of the disc, which may be 
hypersemic. White spots may be seen in the macular region, 
and yellowish or white spots, often bounded by pigment, at 
the periphery of the fundus. The vessels may be degenerated 
{vide p. 357), with whitish exudations along their course; 
haemorrhages are rare. 

Every transition is seen to a condition much resembling 
retinitis pigmentosa {vide p. 375), but seldom showing such a 
characteristic distribution of the pigment. 

The subjective symptoms are defective central vision, night- 
blindness, irregular and concentric contraction of the field, 
with or without central, paracentral, or ring scotomata, and 
metamorphopsia. 

In most cases the amount of organisation which takes place 
at the sites of the inflammatory deposits of syphilitic retinitis 
is very small, but in some cases there is a well-marked tendency 
to the formation of new blood vessels. These may not 
be limited to the retina itself, but may extend into 
the vitreous, forming convoluted coils. They are held 
together by a minimum of delicate connective tissue {cf. 
Retinitis proliferans). They are commonest on or near the 
disc. 

In acquired syphilis the disease usually occurs one to two 
years after infection ; usually both eyes are involved, but not 
with simultaneous onset. As a rare manifestation the macular 
area is alone affected, showing a grey or yellow deposit, or 
numerous small yellow spots and dots of pigment. This form 
shows a great tendency to relapse. 

Retinitis is not uncommon in congenital syphilis. Such 
patients often show a dusty or peppery discrete pigmentation 
of the retina at the periphery, associated with a tigroid con¬ 
dition of the fundus in this situation. It is only distinguishable 
from what is often seen as a normal condition by the greater 
aggregation of the pigment. There may be thickly strewn 
black and white spots, like a mixture of pepper and salt. In 
more definite forms there are yellowish red and black spots 
at the periphery (anterior retinitis), a condition often seen in 
interstitial keratitis {vide p. 238), or larger grey or white patches 
may be seen, or the condition observed in the acquired form 
may be fully developed. 
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If the diagnosis is doubtful the Wassermann test should be 
applied. 

Treatment. A prolonged course of anti-syphilitic treatment 
is indicated. Dark glasses should be worn and the eyes rested. 

Septic Retinitis (Roth). Apart from endogenous retinitis 
{vide p. 343), metastatic retinitis may manifest itself in the form 
of small round or oval white spots near the disc, often accompanied 
by haemorrhages. This form occurs in puerperal and other forms 
of septicaemia. Usually both eyes are affected. 

Purulent Retinitis. This is most commonly due to a septic 
perforating wound, being then a precursor of panophthalmitis 
{vide p. 462). Rarely it is a metastatic condition, occurring in 
pyaemia, and probably starting in a septic embolus. In the 
early stages there is severe retinitis with haemorrhages. Sup¬ 
puration rapidly follows, involving the vitreous, bo that a 
yellow reflex is obtained. The condition often passes into 
panophthalmitis, but less commonly than in cases of exogenous 
infection. Pyogenic organisms are attenuated in the blood 
stream and tissues, so that the process may subside with the 
restoration of useful vision {vide p. 343). 

Toxoplasmosis. Toxoplasmosis, a protozoan infection, was 
first encountered in infants as a severe disseminated encephalo¬ 
myelitis (Wolf, Cowan and Paige, 1941). Rodents and birds are 
the most likely source of the infection. Lesions occur in the eyes 
with considerable frequency, the most typical of which are 
bilateral and frequently multiple areas of ehorio-retinitis of an 
inflammatory and necrotising type similar to those found in the 
brain. The most characteristic lesion occurs at the macula where 
a deep punched out scar is left resembling the clinical appearance 
of a congenital macular coloboma. A uveitis may also occur. 

Retinitis from Bright Light, which might be termed photo- 
rekinitis, occurs after exposure of the unprotected eyes to 
bright sunlight, as in looking at an eclipse of the sun with 
unprotected eyes (“ eclipse blindness ”), or the electric light, 
as in the intense flash of the short-circuiting of a strong 
current. The relative parts played by the different rays of 
the spectrum are not fully understood. Only a few, relatively 
innocuous, ultra-violet rays reach the retina. On the other 
hand, practically all the visible rayB and many infra-red rays 
pass unimpeded to the retina {vide p. 23). Much of this 
radiation is absorbed by the pigment epithelium, and it is 
probable that the pathological changes are produced by the 
resultant heating effect. It is, in fact, a burn of the retina. 
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The symptoms are persistence of the after-image, passing 
on later into a positive scotoma, and metamorphopsia. 
Ophthalmoscopically there may be no signs at first, or a pale 
spot is seen at the fovea with a brownish red ring round it. 
Later there are usually deposits of pigment and small grey 
punctate spots around the fovea. Prognosis must be guarded, 
since, though improvement often occurs, some defect usually 
remains, and the scotoma may persist permanently. 

The treatment is that of retinitis in general. Smoked glasses 


RIGHT. 



Fig. 207.—Bing scotoma, from a case of retinitis pigmentosa. 


should be used, or Crookes’s glasses, i.e., such as cut off the 
ultra-violet rays. 

[Syn. Pigmentary Degeneration of the 
i?eSwafiTaslow3egOTerative disease of the retina in both eyes , 
beginning in childhood and often resulting in blindness in 
middle or advanced life. The degeneration commences in a zone 
near the equator of the eye, and gradually spreads both 
anteriorly and posteriorly. The macular region is not affected 
until very late in the disease. The condition is bilateral. 
The peculiar site of origin has been attributed to the relatively 
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weak choroidal circulation in this zone, which is the meeting 
place of the short ciliary and the recurrent ciliary arteries 
(vide p, 13) 

The sym ptoms of the disease are very characteristic, the 
most prommenFbeing defective vision in the dusk ( night blind¬ 
ness! (vide p. 417). This symptom may be present several 
years before pigment is visible in the retina. Vision under 
low illumination is carried on essentially by the rods (vide 
p. 68), and night-blindness is a sign of defective nutrition of 
these structures. 

Examin ation of lhe -vision may show perfect central visual 
acurEyTln vesHgat^ e field of vision, seldom satis¬ 

factory in children, but more reliable in young adults, shows 
concentric contraction of the fields, specially marked if the 
illumination is reduced. In early cases a partial or complete 
annular or ring scotoma is found (Fig. 207), corresponding 
to the degenerated zone of retina. As the case progresses the 
field becomes continually slowly smaller, until at last it is 
reduced to a small area round the fixation point. Central 
vision may even now be normal, but the patients are quite 
incapacitated from getting about, for they are in much the same 
condition as a person looking down two long cylinders—they 
see only the thing they are actually looking at and nothing 
around. They therefore grope about helplessly. fyisa pf 
central vision does not usually occur until fifty or sixty yea rs 
o f age , but vision may be lost earlier through cataractous 
changes occurring in the centre of the posterior cortex of the 
lens. 

Ophthalmoscopic examination shows also a very charac- 
teristftfjiicffi^ the zone affected the retina is 

studded with small jet-black spots, resembling bone corpuscles 
or spiders. The retinal veins, never the arteries, often have 
a sheath of pigment for part of their course (vide p. 346 ; 
Plate XI., Fig. 2). As the pigment from the retinal pigment 
epithelium migrates into the superficial layers the epithelium 
itself becomes decolorised, so that the choroidal vessels are 
now visible and the fundus appears tesselated . The pigment 
spots which lie near the retinal vessels are seen to be anterior 
to them, so that they hide the courae of ik ^xessels. There 
is no question, therefore, as to their exact position m the retina 
itself. In this respect they differ from the pigment around 
spots of choroidal atrophy (vide p. 338), in which the retinal 
vessels can be traced over the spots. The number of pigmen ■' 
spots differs much in individual cases, and they are often very 
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scanty in the early stages, at which time attenuation of the 
retinal vessels is frequently the most striking feature. 

In the earliest stages it can be proved that it is a zone of 
the retina which is affected and not the most anterior part, 
for normal retina may be seen at the peripheral limits of the 
ophthalmoscopic field. In the later stages this area diminishes 
pari passu with extension of the disease towards the centre. 

The retinal blood vessels, both arteries and veins, become 
extremely attenuated and thread-like. 

As the pigmentation increases and the retina becomes 
more and more atrophic the ganglion cells are destroyed, thus 
leading to degeneration of their axis cylinders, viz., the fibres 
in the nerve fibre layer of the retina and the fibres in the optic 
nerve. Optic atrophy , therefore, sets in and gradually 
increases. The disc exhibits the characteristics of primary 
optic atrophy (vide p. 401), but is not quite typical of this 
condition. The disc is pale, but seldom more than yellowish 
white, like wax: there is no excess of fibrous tissue, but the 
vessels are very small and thread-like. 

In the later stages the nutrition of the lens suffers. The 
complicated catarac t which is formed is a very typical form of 
progressive posterior cortical cataract, going on to complete 
opacification of the cortex. 

The cause of retinitis pigmentosa is unknown. Several 
members of the same family are often affected, consanguinity 
of the parents is not infrequent, and the disease may affect 
several generations. Nettleship found heredity without 
consanguinity in 23 per cent., consanguinity without heredity 
in 23 per cent., and heredity combined with consanguinity in 
3 to 4 per cent. Males are more frequently affected than 
females. The patients or other members of the family are 
found not infrequently to suffer from insanity, epilepsy, 
or other signs of mental debility. About one-third of the 
patients are deaf, and 4 per cent, of deaf mutes have retinitis 
pigmentosa (Nettleship). Evidences of cerebral disease or of 
congenital anomalies in the eyes or other parts of the body 
(harelip, &c.) may be present: it may also be associated with 
obesity, hypogenitalism, tetany, mental defect and polydactyly 
(Laurence-Moon-Biedl Syndrome). Congenital syphilis may 
produce similar results, though the distribution of the pigment 
spots is seldom quite typical (vide p. 346). 

In syphilitic choroido-retinitis exactly the same ophthal¬ 
moscopic appearances associated with night-blindness may 
occur and may be present in both eyes. These cases are rare 
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and can be distinguished by the later onset ol night-blindness 
and the absence of the disease in other members of the family. 
Much more commonly in syphilis the patches are limited to 
certain areas of one or both retinae. The prognosis is better in 
the syphilitic cases, since they may become stationary. It is 
best to restrict the term “retinitis pigmentosa ” to the very 
typical congenital and familial disease. 

Pathology. Few cases of retinitis pigmentosa have been 
examined microscopically, and those usually at a very late stage. 
Section of the posterior ciliary vessels leads to pigmentation of 
the retina in rabbits (Wagenmann), but the retinal changes 
differ materially from those in retinitis pigmentosa (Nicholls). 
Doubt has therefore been cast upon the choroidal origin of the 
disease; and in some advanced cases the choriocapillaris has 
been found normal. Retinitis pigmentosa has been found as an 
hereditary Mendelian recessive in rats (Bourne, Campbell and 
Tahsley). In it the rods degenerate first, showing the earliest 
signs in the nuclei; and vascular sclerosis of both retina and 
choroid only occurred later. The evidence, therefore, seems to 
be that the disease is a primary retinal degeneration, though its 
frequent association with deafness and cerebral disorders suggests 
that it is a local manifestation of a congenital weakness of tissues 
of the central nervous system of unknown origin—a so-called 
abiotrophy. 

Treatment is eminently unsatisfactory, since nothing 
appears to have a decided influence upon the course of the 
disease. Trephining at the corneo-scleral margin has been 
followed by temporary improvement (Mayou), probably by 
improving the intraocular circulation. Extraction of the 
lens may be followed by some improvement in vision, but 
should not be done until a late stage is reached. Attention 
should be paid to the general nutrition, since it has been proved 
that defective formation of visual purple, and consequent 
night-blindness, may follow a diet poor in vitamin A ; hence 
cod-liver oil, halibut oil, or carotene in oil should be given; 
also Ca lactate and vitamin D. Attempts to improve the 
circulation by vasodilators, e.g., acetylcholine, and by removal 
of the superior cervical ganglion have proved useless. 

Retinitis pigmentosa sine pigmento is a variety of the disease 
with the same symptoms, but without visible pigmentation 
of the retina. It is almost certainly only the early stage of 
the ordinary disease (Nettleship). It is progressive and leads 
to optic atrophy, therein differing from congenital night- 



378 


DISEASES OF THE EYE 


blindness, which is a rare hereditary disease without ophthalmo¬ 
scopic signs, remaining stationary throughout life. 

Allied to these conditions is retinitis punctata albescens, 
in which, with the same history and symptoms, the retina 
shows hundreds of small white dots distributed fairly uni¬ 
formly over the whole fundus. The condition is almost 
certainly an atypical variety of retinitis pigmentosa, and may 
occur in a family affected with this disease. It differs in the 
important fact that it is almost if not quite non-progressive, 
but one case is on record in which the white spots disappeared 
and typical pigment spots developed (Nettleship). 

Detachment of the Retina ( Syvs.—Ablatio retinae, Amotio 
retince). The retina may become separated from the choroid 
by being nulled up from within or pushed up from without . 
The simplest example of the former mode is in the late stages 
of pl astic cycli tis when the strands of connective tissue which 
become attached to the retina contract during the process of 
organisation. The simplest example of the second mode is 
separation by means of a c horoidal haemorrhag e, such as may 
occur from a blow, or disease of the vessels. 

Clinicall y detachment of the retina is observed most com- 
monly in three conditions, viz., aft er a blo w, in high myopia 
(60 per cent, of cases of detachment), and in s arcoma of The 
cjioroid ; to these must be added a not inconsiderable number 
of cases in which no caus e can be assigned. The exact 
mechanism of detachment in these cases is by no means 
completely understood; indeed, detachment of the retina is 
still one of the difficult problems of pathology. It is com¬ 
monest in men between forty-five and sixty-five years of age. 

The patient usually complains that there iB a cloud in front 
of one eye, so that parts^oiohjects, usually the upper or lowe r 
parts, are not seen. In other words, there is a positive sco¬ 
toma, as is confirmed by making a chart of the field of vision. 
Usually the scotoma corresponding to the detached area is 
absolute, but in shallow detachments some vision may p ersist, 
sufficient nourlshmentbeing afforded to the retina Trom 
the subretinal fluid. There is then generally a relative sco¬ 
toma for colours, and acquired colour-blindness of the trita- 
nopic type (vide p. 419) is not uncommon. It is well to take 
the field under high and low illumination, the increase in the 
size of the scotoma in the latter case showing that a larger 
area of the retina is involved than that which is completely 
blind. As a rule central vision is intact at first, but all detach¬ 
ments of the retina tend in time to be complete; when the 
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macular region becomes affected central vision is lost, and 
when the detachment is total perception of light is lost. The 
first symptom observed sometimes is transient flashes of light 
( photopsiaa ), due to slight displacements of the retina which 
irritate the neuro-epithelium. They should always be regarded 
with serious attention, but not infrequently occur, especially 
in myopic eyes, without being followed by detachment. 

A small detachment causes much less definite signs. Some 
obscuration of vision is noticed, but the diagnosis can only 
be arrived at by careful examination of the fundus and of the 
field of vision. In sarcoma of the choroid the detachment 
may be very small and in any position, thus differing from 
the other forms—so-called simple detachment —in which it 
is generally larger, though often shallow, and confined to the 
lower parts of the fundus. Simple detachment’often begins 
in the upper part of the fundus, but after a variable time the 
subretinal fluid gravitates to the lower part of the eye and 
the retina becomes replaced in the upper part. Sarcoma of 
the choroid may start in the neighbourhood of the macula, 
and in this case central vision is early affected, as shown by 
distortion of objects (metamorphopsia, micropsia, &c.) or 
a relative scotoma for colours. A small detachment due to a 
sarcoma of the choroid may be accompanied by a large simple 
detachment in the usual situation below. 

Externally the eye looks normal; the anterior chamber may 
be deep and the tension diminished, though rarely much in the 
early stages. In cases due to sarcoma of the choroid the tension 
is always raised in the later stages and the anterior chamber is 
shallow ; occasionally the tension is raised early in these cases. 

It is by no means difficult to miss diagnosing a detachment 
of the retina even when it is large, especially if it is also 
shallow. The symptoms may be indefinite, for the retina 
may obtain sufficient nourishment from the fluid which 
underlies it to retain its functions only partially impaired for 
a considerable period. Failure in diagnosis is almost always 
due to the omission of a proper routine examination of the eye. 
The observer often employs the direct method, possibly after 
a casual examination by the indirect, without previously 
examining with the mirror alone. A shallow detachment will 
then appear little altered from the normal fundus. It is true 
that it is more hypermetropic, but the observer does not realise 
that he is exercising rather more accommodation in looking at 
it than at the rest of the fundus. Now, if the eye is examined 
with the mirror alone at ordinary reading distance, although 
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some difference in the nature of the reflex as the eye is turned in 
various directions will at once arrest attention. 

Further examination by the direct method will then show 
the following changes (Plate XV.). The detached portion of 
retina has a different tint from the normal fundus. In the 
most typical condition it is quite white or grey, with folds 
which show a bright sheen at the summits and appear greenish 
grey in the depressions. During slight movements of the 
eye the folds show oscillations. The retinal vessels are seen 
coursing over the surface. They naturally follow all the curves 
of the folds. Very striking is their abnormal coIout. Owing 
to the fact that they are separated from the choroid, which 
is responsible for the red reflex of the normal fundus, they are 
under much the same conditions as an ordinary vitreous 
opacity, i.e., they cut off the light reflected from the choroid. 
They therefore look much darker than usual, and may be 
almost black. They show no central light streak and appear 
smaller than normal. 


If now this portion of the fundus is observed with the highest 
convex glass with which it can be seen plainly, it will be found 
that the rest of the fundus is out of focus ; this proves that it 

is displaced forwards and must therefore 

C be detached from the choroid. 

^ In the early stages, and sometimes for 

a long period in shallow detachments, 
Jf? the colour differs little from the normal. 
Such cases are much less easy to diagnose, 
m and may give rise to great difficulty, 
' especially if the apparent detachment is 

Fia. 208. - Diagram- v , er 7 peripheral, for the periphery even of 
matic sagittal section' the emmetropic eye is usually seen best 
of eye with partial with a low convex glass, 
simple detachment of When the detachment is very extensive 
atop j ' great balloon-like folds may be seen, and 

these will probably cut off all view of 
the disc. At the edges of the detachment a considerable 
degree of pigmentary disturbance may be seen. White spots 
of exudation, haemorrhages, and greyish-white lines due to 
retinal folds may be seen on the surface of the detached retina. 
Not infrequently a hole is visible, through which the bright 
red choroid can be seen (Figs. 209, 210). It is probable that 
there is a hole in every detached retina, but it is not always 
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visible ophthalmoscopically. The most frequent are horse¬ 
shoe or arrow-head shaped, with a lid-like tongue. These are 
always peripheral and commonest in the upper parts of the 
retina. They are attributed to traction by vitreous bands. 




Fia. 209.—Round hole. Fro. 210.—Arrow-head rent. 

Fios. 209 and 210.—Holes and the Retina. (Shapland.) 


Round holes are usually less peripheral, and may occur at the 
macula. In some, especially traumatic, cases the retina 
becomes detached at the ora serrata (anterior retinal dialysis, 
“ disinsertion of the retina ”) (Fig. 211), probably following 
cystic degeneration, which is quite common in this situation 
in old people. In these cases there 
is often a very large aperture 
through which the choroid can be 
seen, the edge of the detached 
retina being sharply defined. Dis¬ 
insertion is commonest in the 
lower parts of the retina. 

In total detachment the retina 
is umbrella-shaped, remaining 
attached at the disc and at the 
ora serrata. Still later it be¬ 
comes bunched up behind the 
lens, the part attached to the disc 
being pulled out into a straight 
cord. In these cases the disturbance to nutrition of the eye 
leads to the development of a complicated cataract ( q.v .) 
so that ophthalmoscopic examination becomes impossible. 

The description given applies especially to so-called simple 
detachment, i.e detachment not due to sarcoma of the 
choroid. The difference may be slight, but accurate diagnosis 



Fig. 211.—Anterior dialysis. 
(Shapland.) 
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is of the utmost importance, since the life of the patient may 
depend upon it. The chief diagnostic features are given in 
treating of sarcoma of the choroid, and should be very carefully 
studied (vide p. 425). 

The space between the retina and choroid is filled 
with a highly albuminous fluid secreted by the choroid 
(Fig. 208). 

The prognosis in simple detachment of the retina, un¬ 
treated by operation, is unfavourable. The detachment 
becomes total, and complicated cataract and iridocyclitis 
follow. Spontaneous replacement is rare except in cases of 
renal retinopathy (vide p. 367). The results of surgical treat¬ 
ment are good in 80 to 90 per cent, of cases due to trauma 
with retinal dialysis at the ora serrata in the lower temporal 
quadrant. In healthy patients whose vitreous, retina and 
choroid show no disease other than changes at the site of the 
retinal hole the prognosis is good in about 75 per cent, of cases 
if operated on early. The prognosis is bad if the detachment 
has been present for nine months or more ; when the vitreous, 
retina and choroid are degenerated; when there is high 
myopia; . and always in restless and neurotic patients. 
Detachment recurs in some cases, even if the retina has 
remained in situ as long as one or two years. 

Detachment in a myopic eye is an indication for extreme 
care of the other eye, which must be regarded as predisposed 
to the same accident. The patient should be warned against 
stooping, as in gardening, and lifting heavy weights. 

Treatment. A thorough investigation of the affected eye is 
made before operation. Full dilatation of the pupil is very 
important: in order to reveal a retinal tear at the ora serrata 
it may be necessary to inject mydricain (3 minims) under the 
conjunctiva near the limbus in the lower part of the globe. 
Sometimes such a lesion is rendered visible only by making 
gentle pressure on the sclera near the ora serrata with a 
strabismus hook. A careful drawing, showing the position of 
retinal holes, pathological lesions, retinal vessels and other 
landmarks, is made of the fundus. Several examinations 
should be made with the patient in different postures— 
sitting, supine, lateral, and even prone ; of these the supine 
is most important, since this is the position in which the 
operation is usually performed. Changes in posture may 
reveal a retinal tear which has hitherto been hidden by a 
retinal fold. Accurate localisation of the retinal tear or holes 
in relation to the outside of the sclera is essential; it is done 
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by assessing in terms of tbe clock-face the meridian in which 
the hole lies. Its distance from the ora serrata is judged 
ophthalmoscopically in terms of optic disc diameters 
(— 1’5 mm.). The patient rests in bed two or three days 
before operation. 

The operation consists in reflecting a flap of conjunctiva and 
Tenon’s capsule, and if necessary dividing an extraocular 
muscle over the site of the retinal hole (Fig. 212). An applica¬ 
tion of surface diathermy with a 3 mm. diameter blunt 
terminal is made on the sclera, using a current of 80 milli- 
amperes for seven seconds. This causes coagulation in the 



I'm. 212.- Porfoialirig diathermy thiough the site of superficial 

diathermy. 

choroid, which should be confirmed by immediate ophthal¬ 
moscopic examination. It appears as a white patch of exudate 
about 4 mm. in diameter. Its relationship to the retinal 
hole determines the sites of further applications of surface 
diathermy, each being checked by ophthalmoscopic examina¬ 
tion. The object is to promote adhesion of the retina and 
choroid around the hole after the subretinal fluid has been 
evacuated. After satisfactory eircumvallation of the hole by 
surface diathermy perforations of the sclera and choroid are 
made by a diathermy needle carrying a current of 40 milli- 
amperes for three seconds. The subretinal fluid seeps out, 
and its evacuation is completed by suction. Ophthalmoscopic 
examination should then show apposition of the retina to the 
choroid. Both eyes are bandaged, and the head is immobilised 
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in a position such that the site of the hole is the most dependent 
part. 

In favourable cases adhesion between retina and choroid is 
fairly firm in three or four weeks, but great care must be 
taken not to jeopardise its security by undue physical exertion. 

Tumours of the Retina. See p. 428. 

Cysts of the Retina are commonly found in the microscopic 
examination of degenerated eyes, especially near the ora serrata 
in old people ; they may lead to holes, disinsertion, and detached 
retina. Larger cysts occur elsewhere, and are sometimes due to 
adhesion of folds of detached retina. In rare cases large cysts 
may simulate detached retina clinically. 

Congenital Abnormalities of the Choroid and 

Retina 

Coloboma of the Choroid and Retina is a congenital mal¬ 
formation in which the choroid and retina are more or less 
badly developed over a certain area, usually the lower part 
(typical coloboma). The typical coloboma is due to defective 
closure of the foetal, so-called choroidal, cleft. Ophtlial- 
moscopically there is a glistening white area, usually with 
patches of pigment at the edges (Plate XVI.). There is often 
also coloboma of the iris (q.v.), and the eye may be small 
(microphthalmia). The condition is often bilateral, and is 
frequently hereditary. The patch is oval or comet-shaped 
with the rounded apex towards the disc, which may be in¬ 
cluded or not. A few vessels are seen over the surface, some 
retinal, others derived from the choroid at the edges, but most 
derived from the posterior ciliaries directly. The surface is 
often depressed irregularly (ectatic coloboma). The central 
vision is generally bad, and there is a scotoma in the field corre¬ 
sponding more or less accurately with the coloboma, though 
this usually contains some retinal elements near the edges. 

Similar patches, often symmetrical in the two eyes, occur 
in other situations (atypical coloboma), notably at the macula 
(central or macular coloboma). It is probable that some of 
these are due to intra-uterine inflammation, particularly 
toxoplasmosis (q.v.). 

Albinism is the defective development of pigment throughout 
the body. Owing to absence of pigment in the eye the iris 
looks pink, and the patients suffer much from dazzling. 
Nystagmus, photophobia, and defective vision—partly due 
to myopia, or, less frequently, hypermetropia—are present. 
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Coloboum of the choroid. 
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There may be strabismus, usually convergent. The condition 
is hereditary. With the ophthalmoscope the retinal and 
choroidal vessels are seen with great clearness, separated by 
glistening white spaces where the sclerotic shines through. 
Microscopic examination has shown that total albinism is 
extremely rare, as traces of pigment, have always been found 
in the retinal epithelium. 

Partial albinism is commoner, and the absence of pigment is 
then limited to the choroid and retina, the irides being blue. 
There may be pigment in the macular regions, which may 
therefore look normal. People with dark hair sometimes have 
relatively slight pigmentation in the periphery of the fundus, 
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Fig. 213. — Opaque nerve fibres (O), stained by tho Weit'ert-Pal method. 
li, retina. L, lamina cribrosa. A 7 , optic nerve. 

so that the choroidal vessels are seen: these patients will 
always be found to have had very fair hair as children. 

Treatment consists in correction of the refraction by glasses, 
which should be tinted. 

Congenital Pigmentation of the Retina. Small oval grey 
spots or groups of polygonal greyish-black spots are occasionally 
met with in the retina in routine examination of the fundus. 
They are Hat and lie below the vessels, and remain unchanged 
indefinitely. They are probably congenital and due to heaps of 
retinal pigment epithelium similar to those forming melanomata 
in the iris ( q.v .). (See also Nsevus of the Choroid, p. 426). 

Opaque Nerve Fibres. The medullary sheaths of the fibres 
of the optic nerve cease normally at the lamina cribrosa. 
Occasionally patches of fibres regain these sheaths after they 
have passed through the lamina cribrosa (Fig. 213). They 
appear ophthalmoscopically as white patches, the peripheral 
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edges of which are radially striated, looking as if frayed out 
(Plate XVII.). Usually the patches are continuous with 
the disc; occasionally they are isolated, but rarely far from 
the disc. Usually the retinal vessels are covered in places 
by the opaque fibres. When present the blind spot is en¬ 
larged, or a scotoma corresponds with the position of the 
patch. Very rarely the patch is large and involves the 
macula, so that central vision is abolished. If glaucoma or 
optic atrophy causes the fibres to degenerate the medullary 
sheaths disappear and no trace of the abnormality remains. 
It is important to be able to diagnose them, since they may 
be easily mistaken for exudates, e.g ., albuminuric retinitis. 
They not infrequently occur in both eyes. They are not 
strictly speaking congenital, for myelination of the optic 
nerve progresses from the brain towards the periphery, and 
is not completed until shortly after birth. 



CHAPTER XVIII 
Diseases of the Optic Nerve 

The optic nerve may be attacked bj' inflammation at any 
part of its course. The head of the nerve within the globe 
is frequently affected alone, and this condition is often called 
optic neuritis or papillitis. When the nerve is affected behind the 
eye the condition is called retro-bulbar or retro-ocular neuritis. 

Hyperaemia of the Optic Disc is a condition which can rarely 
be diagnosed with certainty. Perfectly normal discs of 
different individuals show variations in colouring, and slight 
differences of illumination alter the appearances. There 
is no doubt that hyperaemia occurs as a precursor of optic 
neuritis, and in some of these cases it is possible to distinguish 
greater redness of the disc in one eye than in its fellow under 
the same conditions of examination. 

Papillitis {Intraocular Optic Neuritis) and Papillcedema. 
Optic neuritis or papillitis is a term often applied to two 
groups of cases which should be carefully distinguished, viz., 
as part of a neuro-rctinitis {vide pp. 350, 366), and as a result 
of intracranial disease. The pathology of the two conditions 
is different, though the ophthalmoscopic features may be 
almost or quite identical. In both there is oedema of the 
nerve-head, which is associated with true inflammatory 
changes in papillitis, and is passive in papilloedema. The 
general features will be considered first, the differences being 
discussed afterwards. 

It has already been pointed out that the colour of the 
disc is a fallacious criterion of abnormality. Attention 
should be directed especially to the edges, which will always 
be found blurred, usually first on the nasal side, later in 
the whole circumference. The blood vessels are altered, the 
arteries being small, the veins distended. In the early stages 
the disc is usually redder than normal. In the later stages the 
blurring of the edges is much greater, and the disc looks larger 
than usual. Exudates cover the vessels in places, and 
the veins are greatly distended and very tortuous. The 
papilla is paler than normal and may be white ; it shows 
radial streaks, and small haemorrhages are generally present 
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upon it and the surrounding retina. The disc is now quite 
definitely and measurably swollen (vide p. 121). 

In the papillitis of neuro-retinitis the swelling of the disc 
is usually moderate—2 or 3 D—shelving off gradually into 
the surrounding retina, which shows the signs of retinitis 
{vide p. 349). The disc is redder than normal, owing to dilata¬ 
tion of the capillaries, but the distension and tortuosity of 
the veins are moderate. The “ optic neuritis ” of intracranial 
disease may in some cases be a true descending neuritis, and 
will then show the condition just described, except that there 
is little or no retinitis. The intracranial disease in these cases 
is usually of an inflammatory nature, e.g ., meningitis. More 
commonly, however, the condition is one of intense oedema 
with no tru^ inflammation, and this gives rise to papilloedema 
or “ choked disc ” (Plate XVIII., Fig. 1). Here there is very 
great swelling—up to 8 or 10 D—usually delimited much more 
definitely from the surrounding retina, which shows little 
change. The veins are enormously distended and very tor¬ 
tuous ; the vessels are hidden in places by white exudates. 
There are frequently haemorrhages on the swollen papilla 
and at its edges. In many cases it is impossible to distinguish 
ophthalmoscopically between the two forms. The swelling 
may be unusually great in neuro-retinitis, and per contra the 
appearances due to intracranial disease may simulate the 
neuro-retinitis of renal disease, including the star figure at the 
macula, particularly in children. The star figure is rarely 
complete in these cases ; usually it is a fan-shaped figure 
on the disc side of the macula. It occurs only in severe cases, 
and is therefore commonest with cerebellar tumours. It may 
disappear completely after decompression, leaving an appa¬ 
rently normal macula. 

The symptoms may be extremely vague. Central vision 
may be quite normal, in which case the pupils will also be 
normal in size and reactions. It is very important to remember 
this fact, which emphasises the necessity of examining the 
fundus in all cases of headache, &c. Even in this stage there 
may be some concentric contraction of the field of vision. 
Transient attacks of blurred vision, lasting for a few minutes 
up to an hour or so, are not uncommon in the early stages of 
papilloedema. Visual acuity may be practically unaltered 
throughout. It is usually diminished, but the loss bears no 
direct relationship to the amount of swelling of the disc. Later 
central vision is reduced, even to complete blindness. The 
pupils will then be large and immobile. In less severe cases or 
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in the intermediate stage central vision is defective, tlie held 
is markedly reduced concentrically, and relative scotomata— 
first to green and red— or absolute scotomata may be present. 
There may be hemianopia or other defects in the field depen¬ 
dent upon the site of intracranial lesion. When there is 
extreme loss without much papilloedema it is probably due to 
the distended third ventricle pressing upon the chiasma and 
optic tracts. It is noteworthy in this relation that the diminu¬ 
tion of vision is less with temporo-sphenoidal tumours than 
with those situated elsewhere (Paton). Vision may be normal 
in spite of a macular fan. Premonitory attacks of blurred 
vision are commonest with cerebellar tumours, possibly owing to 
interference with the circulation in the occipital lobes. Positive 
subjective phenomena, e.g., seeing coloured lights, &c., are rare. 
In the papillitis of neuro-retinitiscentral vision isalwaysreduced. 

Both in neuro-retinitis and in intracranial disease the con¬ 
dition is generally bilateral, though not necessarily equal on 
the two sides. The relative amount of swelling may be of 
localising value in the case of intracranial disease, but its value 
has certainly been over-estimated ; in frontal tumours and 
middle ear disease the swelling is usually greater on the side 
of the lesion. The time of onset of the papilloedema is really 
more to be taken into account than the amount of swelling, 
the localising value being attached to the side first affected. 
Thus the swelling may be actually less on the side first affected 
owing to subsidence associated with commencing atrophy. 
Unilateral papilloedema, with or without “ secondary ” optic 
atrophy on the other side, suggests a tumour of the opposite 
olfactory lobe or orbital surface of the frontal lobe or of the 
pituitary body (vide p. 393). Unilateral papilloedema occurs in 
the early stages of increased intracranial pressure and in orbital 
diseases such as tumours of the optic nerve or orbit, cellulitis 
of the orbit, haemorrhage into the sheath of the optic nerve, &e. 

The course is chronic, the prognosis bad. Occasionally, 
especially in syphilis, the disease subsides under treatment 
and good vision is preserved. The same applies to cases 
due to intracranial pressure if the pressure is relieved 
early. Palliative decompression by trephining the skull 
has a remarkable effect. Headache, vomiting and stupor 
are relieved, vision improves rapidly unless the nerves 
have been irretrievably damaged, and the papilloedema 
quickly subsides. Rarely the discs regain a normal appear¬ 
ance, but often the nerve fibres are destroyed, “ post-neuritic ” 
atrophy (q.v.) follows, and the patient may become blind 
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(vide p. 394). Recurrence of papilloedema is very rare, but lias 
been recorded. 

Diagnosis is easy in severe cases ; it may be very difficult in 
slight cases. Here the colour of the disc is no sure guide unless 
there is undoubted difference between the two eyes. Attention 
should be directed to the edges of the disc ; if these can be seen 
clearly defined with any lens there is no neuritis, but it does 



Fig. 214.—Pseudo-neuritis. 


not follow that there is neuritis if they appear blurred. Astig¬ 
matism causes apparent blurring of the disc margin and there 
is a condition nearly simulating slight neuritis known as pseudo¬ 
neuritis, seen particularly in hypermetropic eyes and due largely 
to a peculiar reflex (Fig. 214). In such cases attention must 
next be directed to the amount of swelling. In the absence of 
other indubitable signs such as exudates or haemorrhages 
papillitis or papilloedema should not be diagnosed unless at 
least 2 D of swelling can be demonstrated. In some cases it is 
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necessary to keep the patient under careful observation for a 
considerable period before certainty can be arrived at. 

The following stages may be distinguished in the development 
of papilloedema (Marcus Gunn, de Schweinitz and Holloway) :— 

(1) Increased reduess of the disc, with blurring of its upper 
and lower margins, with a gradual progression of the blurring 
to the nasal edges, while the temporal margin is still visible, 
represents the first stage. 

(2) Increased oedema of the nerve-head, beginning filling in 
of the physiological pit, involvement of the temporal margin of 
the disc, with a tendency of the oedema to spread into the sur¬ 
rounding retinal area, and uneven distension and darkening of the 
retinal veins, represent the second stage. 

(3) Decided increase of oedema, elevation and size of the nerve- 
head, with vascular striation of the swollen tissue and striae of 
oedema in the form of lines in the swollen retina between the disc 
and macula, marked distension of the retinal veins and retinal 
haemorrhages, represent the third stage. 

(4) Increase in the prominence of the disc, which assumes a 
mound-shape and begins to lose its reddish and juicy colour and 
to become opaque, exudation in and oil the swollen disc and 
surrounding retina, elaboration of the retinal haemorrhages in size 
and number, represent the fourth stage. 

(5) Decided subsidence of the vascularity of the papilloedema 
and increasing pallor, with or without sinking of its prominence, 
apparent contraction of the retinal arteries and thickening of their 
perivascular lymph-sheaths, spots of degeneration of the retina, 
especially in the macula, represent the fifth stage, which passes 
into the final stage of so-called post-neuritic atrophy. 

AEtiology . The chief causes of papillitis are those of neuro¬ 
retinitis {q.v.) and of papilloedema intracranial disease. The 
latter is the more frequent: at least 80 per cent, of cases of 
intracranial tumour give rise to papilloedema. Any intra¬ 
cranial tumour in any position, with the exception of the medulla 
oblongata, may cause papilloedema, the highest percentage 
being found with tumours of the mid-brain, parieto-occipital 
region, and cerebellum {vide p. 607). The papilloedema is 
independent of the nature of the tumour and of its rate of 
growth. The size of the growth is important only in relation 
to its site. It has been said that papilloedema is less likely to 
occur in myopic eyes, but this is erroneous. Meningitis is the 
next commonest cause, especially tuberculous meningitis— 
basal meningitis relatively rarely. Other intracranial causes 
are abscess {vide p. 608), thrombosis of the cavernous sinus, 
aneurysm, hydrocephalus (rarely), &e. 
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Toxaemia accounts for most of the other cases of “ optic 
neuritis.” Syphilis may act in this manner as a basal menin¬ 
gitis, or more frequently as an intracranial gumma; it is a 
frequent cause. Papillitis may be due to any of the acute 
febrile diseases, but only in exceptional cases, and to acute 
anaemia from sudden loss of blood. It occurs sometimes 
with poisoning with lead and other substances which usually 
give rise to toxic amblyopia of retro-bulbar type (vide p. 399). 
It has often been described in chlorosis, and suppression of 
menses has been given as a cause. This aetiology is in my 



Fig. 21."j.—P apilloodenia. (From a photograph by Coats.) 

opinion doubtful; some cases have subsequently proved to 
be due to other more serious causes, and many are probably 
errors of diagnosis (see Pseudo-neuritis, p. 390). Slight 
papillitis has been observed in some of those rare cases in 
which there is persistent escape of cerebrospinal fluid from 
the nose. Malformation of the cranium, e.g ., acrocephaly, 
intra-orbital tumours and inflammations—caries, periostitis, &c. 
—and tumours of the optic nerve act directly upon the nerve. 

Pathology. In neuro-retinitis there is true inflammation of 
the nerve, but even then oedema plays a prominent part owing 
to the obstruction to the outflow of venous blood at. the site 
of the lamina cribrosa (vide p. 126). Most cases of “ choked 
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disc ” are at first caused by simple oedema, without inflamma¬ 
tion ; in the later stages there may be some inflammatory 
reaction—infiltration with leucocytes, &c.—due to the irrita¬ 
tion of the necrosed tissues. The oedema occurs first on the 
lamina cribrosa and peripheral parts of the nerve ; the physio¬ 
logical cup then becomes filled in and the internal limiting 
membrane raised (Fig. 215). The macular fan is caused by 
oedema in the nerve fibre layer and raising of the internal 
limiting membrane in folds; the outer reticular layer may be 
cedematous, but there are no large cystic spaces as in albu¬ 
minuric retinitis. There is often sub-pial oedema distal to the 
site of entry of the central vessels into the nerve, but the nerve 
is normal proximal to this point. It is noteworthy that the 
central vein is collapsed where it crosses the sub-dural and 
sub-arachnoid spaces (vide infra). In many cases the sub¬ 
arachnoid space is so distended that it is ampulliform just 
behind the globe. The nerve-fibres become swollen and 
varicose, ultimately degenerating ; they show cell-like bodies 
(cytoid bodies) as in albuminuric retinitis ; these are not found 
behind the lamina cribrosa. The neuroglia proliferates and 
the mesoblastic tissue around the vessels becomes thickened. 
In a minority of cases due to intracranial disease, especially 
meningitis, there may be a descending neuritis, with true 
inflammation of the nerve. 

The mechanism whereby oedema is induced by intracranial 
disease has been the subject of much dispute and is still an 
unsolved problem. There is no doubt that the predominant 
factor is increased intracranial pressure. This is proved by the 
fact that the oedema almost invariably Subsides, even though 
the intracranial disease continues, if the pressure is relieved by 
freely opening the skull. If communication is cut off from one 
intravaginal space by pressure of a tumour of the pituitary 
body or olfactory region papilloedema does not occur on this 
side, but the optic nerve passes into a condition of partial or 
complete “ secondary ” atrophy (vide p. 404) ; this condition 
of papilloedema on one side and optic atrophy on the other is 
known as the Foster Kennedy syndrome, though it was 
described by Gowers. The following theories have been 
advanced to account for papillcedema : (1) that it is purely 
inflammatory ; this is negatived by the histological findings ; 
(2) disturbance of vaso-motor innervation: there is no 
evidence in favour of this view ; (3) arterial anaemia, leading 
to altered conditions of osmosis at the nerve-head; (4) 
lymph stasis, owing to impediment to return of lymph vid the 
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intravaginal .space ; (5) propulsion of cerebro-spinal fluid 
through the. lamina cribrosa; (6) compression of blood 

vessels and local vascular engorgement either in the lamina 
cribrosa and nerve or in the vaginal space. It is most probable 
that papillmdema is due to compression of the central 
vessels as they cross the vaginal space, causing collapse of the 
vein, whilst the thicker walled artery continues to transmit 
blood. 

The treatment of papillcedema is essentially that of the under¬ 
lying cause. Local treatment is of no avail, but all sources of 
irritation, such as bright light, &c., should be guarded against. 
Intracranial pressure should be relieved before vision is lost, even 
if the cause is a tumour which cannot be completely extirpated. 

If the localising symptoms are positive trephining should be 
performed over the site of the tumour if possible. If this is 
impossible or if localising signs are masked by pressure symp¬ 
toms a free opening should be made in the skull supra- or sub- 
tentorially according to the indications of the case. The relief 
of pressure will alleviate the cerebral oedema and unmask the 
localising signs, so that it may be possible at a later stage to 
undertake a radical operation. Paralysis of the external recti 
is often due to the pressure on the sixth nerves in their long 

intracranial course, and in 


these cases is of no localising 

- X -- value {vide p. 564). 
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Fig. 210.—Diagrammatic meridional 
section of optic disc in papillcedema. 


mater must be incised. The recovery of vision may be 
much more rapid than the subsidence of the papillcedema. 
Vision may deteriorate after operation, probably owing to 
excessive sclerosis and proliferation in the disc. If delayed 
until there is great swelling and exudation, with marked 
depreciation of vision, and especially if signs of subsidence and 
commencing atrophy are present, further diminution of vision 
is to be anticipated. Subsidence of the papillcedema is usually 
rapid after operation, a decided change being seen in a week 
to a fortnight, though there is considerable variation in dif¬ 


ferent cases. In cerebral abscess there may be temporary 
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increase of tlie swelling after operation, without, however, 
seriously compromising the prognosis. 

The treatment of papillitis is that of the setiological 
factor. 

Retrobulbar Neuritis. The intra-orbital portion of the optic 
nerve may become inflamed as the result of extension from 
the surrounding tissues. Retrobulbar neuritis is usually 
divided into an acute, so-called symptomatic form, and a 
chronic, idiopathic form. The latter is the condition which 
is described as toxic amblyopia and which may be due 
to a primary retinal lesion. 

Acute retrobulbar neuritis is usually unilateral. The patient 
complains of sudden obscuration of vision, which increases 
rapidly during one to eight days; there is sometimes pain 
on moving the eye. The pain is increased by pressure 
upon the globe, and neuralgia and headache may bo present. 
The tenderness of the eyeball to digital pressure is limited to 
a small area corresponding roughly to the site of attachment 
of the superior rectus tendon. This sign is present only in the 
early stages of the disease and disappears in a few days 
(Greeves). Ophthalmoscopic examination will probably reveal 
a quite normal fundus. It is therefore very easy to overlook 
the true condition and to attribute the symptoms to hysteria. 
Careful methodical examination will minimise this danger. 
Diagnosis at this stage will depend upon thorough investiga¬ 
tion of the pupil reactions and of the field of vision. 
The patient should be asked if he ever squinted (vide 
p. 414). 

At first glance the pupil reactions will be apparently normal, 
both directly and consensually to light, as well as to accommo¬ 
dation. More minute inspection will show, however, that 
though the pupil of the affected eye reacts to light the contrac¬ 
tion is not maintained under the bright illumination, i.e., 
instead of remaining contracted the pupil slowly dilates while 
the light is still kept from the eye. Lack of sustained constric¬ 
tion of the pupil to light, if it can be placed beyond dispute, is 
of the greatest diagnostic significance. 

The field of vision shows a central scotoma, which may be 
relative for colours or absolute. It is not always quite central, 
but may be paracentral or sectorial or in the form of 
a ring around the fixation point. There is usually some 
peripheral loss of the field and there may be complete 
blindness. 

In the later stages or more severe cases there are usually 
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ophthalmoscopic changes. These are distension of the veins, 
with diminished calibre of the arteries, or actual papillitis, 
moderate in degree. They are most likely to occur if the focus 
is close behind the eyeball. With or without these preliminary 
changes atrophy of the optic disc may ensue. In every case 
in which the inflammation in the nerve behind the globe is so 
great as to lead to destruction of the nerve fibres in this 
situation the degeneration extends not only towards the brain 
but also towards the eye. In the milder cases pallor of the disc 
is limited to the temporal side, corresponding with degenera¬ 
tion of the papillo-macular fibres. It has already been noted 
that the ganglion cells at the macula are more liable to be 
affected by deleterious agents than those in other parts of the re¬ 
tina. The same fact applies to their axis cylinder processes, con¬ 
tained in the papillo-macular bundle, wherever in their 
course the noxious agent acts. This accounts for the clini¬ 
cal similarity between true retrobulbar neuritis and toxic 
amblyopia. 

The causes of acute retrobulbar neuritis are local and general. 
Among the former periostitis and transmission of inflammation 
from the ethmoidal and sphenoidal sinuses may be mentioned, 
though this cause has certainly been exaggerated ; attention, 
however, should be directed to any nasal complication. 
Haemorrhage into the optic nerve sheath or orbit and fracture 
of the base of the skull, involving the optic foramen, may pro¬ 
duce a similar clinical picture. Pressure on the chiasma by 
hypertrophy or tumour of the pituitary body or tumour of the 
frontal lobe may in the early stages cause the symptoms of a 
unilateral retrobulbar neuritis (vide p. 411 : see also heredi¬ 
tary optic neuritis, infra). Among general diseases which 
cause retrobulbar neuritis insular sclerosis is the most impor¬ 
tant ; it is a very frequent early symptom in this disease, 
which should always be suspected, especially when the 
symptoms occur in young women. Considerable recovery of 
vision usually occurs (vide p. 404), but recurrence is not un¬ 
common (vide p. 697). Other alleged causes are rheumatism, 
chills, diabetes, infectious diseases, septic foci somewhere in 
the body (mouth, intestinal tract, &c.), and so on. In cases 
due to such causes relapses are common, and both eyes may be 
affected, together or alternately. Acute retrobulbar neuritis 
may be preceded by peripheral facial palsy of the same or 
opposite side, and shows some analogies to this condition 
(Marcus Gunn). The prognosis depends upon the cause and 
the possibility of combating it, but is generally good. 
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In multiple sclerosis the affection of the nerve never 
leads to complete blindness ( cf . Tabetic Optic Atrophy, 
p. 403). 

Treatment consists in attacking the cause, the mouth and 
nasal sinuses being specially carefully investigated. The eyes 
must be protected from bright light, and kept at rest by 
atropine and abandonment of near work. When the cause 
is obscure, mercury, iodides, salicylates, diaphoresis, and 
tonics may be used. Intravenous injection of vaso-dila- 
tors has been advocated (vide p. 398). Smoking should 
be prohibited. Cases in which disseminated sclerosis is 
suspected should be referred to a neurologist for further 
investigation. In diabetic cases appropriate regime should 
be instituted. . 

Toxic Amblyopia. Tobacco, alcohol, quinine, filix mas, 
carbon disulphide, stramonium, cannabis indica and other 
poisons sometimes produce defective vision, which is then 
known as toxic amblyopia. Tobacco and alcohol amblyopias, 
which are most frequently met with, are usually described as 
forms of retrobulbar neuritis ( q.v.) } but experimental and 
pathological evidence tends to show that the condition is 
primarily retinal in these cases. 

Tobacco amblyopia results from the excessive use of tobacco, 
either by smoking or chewing ; and also occasionally from the 
absorption of dust in tobacco factories. Smokers of shag and 
strong tobacco mixtures suffer most. In many cases there is 
also over-indulgence in alcohol. It is known that alcohol 
alone may produce toxic amblyopia^ and cases in which 
tobacco caused the disease in total abstainers from alcohol have 
been published : indeed the visual loss in these cases is worse 
than in moderate drinkers. The patients may have smoked 
excessively for years with impunity, the attack coincid¬ 
ing with some intercurrent cause of debility, digestive dis¬ 
turbance, &c. They are usually thirty-five to fifty years 
of age. 

The patient complains of increasing fogginess of vision, 
which is usually least marked in the evening and in a dull 
light. Central vision is greatly diminished. The field of 
vision is found to be full, but there is a central colour scotoma 
for red and green. This is usually small, horizontally oval 
between the fixation and blind spots, but in rare cases may 
extend to the limits of the red field, or even be absolute. 
In such cases the possibility of the presence of congenital 
colour-blindness should be borne in mind. Both eyes are about 
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equally affected. Ophthalmoscopically there may be conges¬ 
tive haze of the edges of the optic disc followed by undue 
pallor of the temporal side of the disc, but the changes are 
usually slight. 

The prognosis is good if the toxic agents are discontinued 
absolutely, but improvement is slow, taking several months. 
The alcoholic cases in non-smokers are usually less severe and 
clear up rapidly. Recurrence is very rarely seen. Very 
rarely optic atrophy may result, but it is doubtful if these are 
uncomplicated cases. 

The disease is probably due to poisoning of the ganglion 
cells of the retina. In experimental cases, and in one case 
examined in man, the cells showed vacuolation and breaking 
up of the Nissl granules. This leads to degeneration of the 
nerve fibres, demonstrable only after they have obtained 
their medullary sheaths, i.e., behind the lamina cribrosa. 
The degeneration is found to be limited to the papillo- 
macular bundle (vide p. 75). The ganglion cells of the 
fovea and macular region are the most highly differentiated 
and are liable to suffer first, and most severely in any toxic 
condition. The degeneration is therefore a wedge-shaped 
area on the temporal side of the nerve immediately behind 
the globe, but becomes a circular central area more posteriorly 
(Fig. 60). This degeneration was discovered early in the 
history of the disease, and combined with the clinical simi¬ 
larity to undoubted cases of retrobulbar neuritis led to the 
conclusion that it was the primary seat of the disease; 
Nicotine is generally regarded as the toxic agent, but it is 
much more probable that it is one of the more volatile decom¬ 
position products of nicotine, e.g., collidine or lutidine. 

The amblyopia produced by diabetes, carbon disulphide, 
and iodoform resembles that of tobacco. Diabetics appear to 
be specially susceptible to tobacco. 

Treatment consists in total .abstinence from tobacco and 
alcohol. It should be combined with tonic treatment, espe¬ 
cially the administration of strychnine. Iodide of potassium 
may be given, and copious draughts of water, combined with 
exercise, have been recommended. Intravenous injections of 
vasodilatators, such as sodium nitrite (40-50 mgrm.), or 
erythrol tetranitrate (1*5 grain) by the mouth, are said to 
cause rapid improvement, and local injections of acetylcholine 
(vide p. 356) may also be tried. All patients with central 
scotomata, other than those due to total macular degeneration, 
should abstain from tobacco and alcohol. 
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Quinine amblyopia differs in some striking characteristics 
from tobacco amblyopia. Here total blindness (amaurosis) 
follows the use of the drug, even in such small doses as 12 
grains in susceptible persons; 40 grains is the maximum 
amount of sulphate of quinine which should be given within 
twenty-four hours (Yarr). The largest doses are usually taken 
for malaria, but quinine is also used as an abortifacient. The 
pupils are dilated and immobile. Deafness and tinnitus 
aurium are present. Ophthalmoscopically the retinal vessels 
are extremely contracted and the disc is very pale ; oedema of 
the retina has been described in the early stage. In less 
marked cases or at a later stage the fields of vision are much 
contracted. The fields gradually widen out, but do not regain 
their normal limits. Central vision may be completely 
restored. The discs may remain pale for years* or become 
normal. Occasionally blindness is permanent and optic 
atrophy ensues. The same condition may follow administra¬ 
tion of ethyl-hydrocuprein (optochin) for pneumonia, and 
from excessive doses of dial and other barbituric compounds, 
but in the latter cases some vision is regained if the patient 
survives. 

Salicylic acid and salicylates occasionally produce an 
amblyopia of the same type and with the same ophthal¬ 
moscopic features as that of quinine, but not so severe. 

Treatment consists in discontinuing the drug, administering 
amyl nitrite or nitro-glycerine, supplemented by strychnine 
and digitalis, or local acetylcholine injections. 

The amblyopias produced by methyl alcohol, arsenic, lead, nitro- 
and dinitro-henzol, and filix mas differ from those of retrobulbar 
type in the more serious optic atrophy which generally ensues. 
There is probably always a stage at which a central scotoma is 
present, but it is often missed. 

Methyl alcohol poisoning from drinking wood-alcohol was 
common in America during prohibition, and used to occur in 
England from drinking methylated spirit before it was inten¬ 
tionally adulterated. Nausea, headache, giddiness, <fec., are 
followed by coma. If the patient survives, vision very rapidly 
fails, passing through the stage of contracted fields and absolute 
central scotoma to blindness. Vision may improve, but usually 
again relapses, becoming gradually abolished by progressive 
optic atrophy. Rarely restoration is complete. Ophthalmo¬ 
scopically there may be blurring of the edges of the discs and 
diminished size of the vessels, in the early stages. Later there are 
signs of optic atrophy, usually of the primary type (vide p. 401). 
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There is widespread degeneration of the ganglion cells of the, 
retina. 

Arsenic is specially liable to cause optic atrophy, usually total, 
when administered in the form of pentavalent benzol-ring com¬ 
pounds such as atoxyl or soamin, arsacetin, hectine, &c. These 
were used for attacking the trypanosome of sleeping sickness, but 
have now been abandoned. The salvarsan group have the arsenic 
in trivalent combination and are less toxic: no cases of optic 
atrophy have been reported from their use. 

Lead poisoning is rarely seen since precautions have been taken 
to eliminate salts of the metal from pottery glazes, &c. The ocular 
signs are optic neuritis or optic atrophy, which may be primary 
or post-neuritic. Some cases have retinitis, which may be due 
directly to lead or of albuminuric type, secondary to lead nephritis 

Filix mas? used as a helminthetic, may cause amblyopia in 
excessive doses, especially if given with castor oil. The ophthal¬ 
moscopic picture is said to resemble that of quinine amblyopia. 
Later, optic atrophy supervenes. I have seen a case in which a 
drachm of extract of male fern was ordered three times a day and 
was taken for ten days. There was total optic atrophy in one eye 
and partial atrophy with much contraction of the field in the 
other. • 

Hereditary Optic Neuritis (Syns.—Hereditary Optic Atrophy, 
Leber's Disease) is a form of retrobulbar neuritis, usually com¬ 
mencing at about the twentieth year of life. Descent is generally 
through an unaffected female to the males, though females are 
also sometimes affected. Vision generally fails rapidly at first, 
then gradually, but remains stationary or gradually improves after 
six months. Both eyes are always affected, though one may pre¬ 
cede the other by a few days up to eighteen months. In two-thirds 
of the cases there is a central scotoma, either partial for colours or 
also for white. The peripheral field is usually normal, but con¬ 
centric contraction or sector-shaped defects may occur. Total and 
permanent colour-blindness has been known to follow. The 
central scotoma generally persists, but progressive constriction of 
the field to complete blindness is rare. Members of the same 
family often show identical peculiarities in the progress of the 
cases. The fundus is at first normal or there is slight blurring of 
the edges of the disc. In later stages, after months, optic atrophy 
ensues, with pallor confined to the temporal side or involving the 
whole disc. Apart from headache, migraine, &c., the general 
health is good. Fisher has suggested that Leber’s disease is due 
to transitory changes in the pituitary body (vide p. 413), resulting 
in pressure upon the chiasma and associated with the periods of 
physiological change in the sexual life. If this be true treatment 
with thyroid and pituitary extract,s may be good. 
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Optic Atrophy is the term usually applied to the condition of 
the disc when the optic nerve is degenerated. It has been 
pointed out that injury to the nerve fibres _ 
in any part of their course from the retina 7 ^h^rTi 1 r 77777 / 
to the external geniculate body leads to z#4ff i 
degeneration not only on the proximal !#f 'jJ I yk~ 

(cerebral) side—as might be anticipated for W ; I 

afferent fibres—but also on the distal Fi«. 217.—Diagram 
(ocular) side {vide p. 396). Optic atrophy inatio meridiona 

follows extensive disease of the retina from section of the op- 

destruction of the ganglion cells, e.g in ‘ lc hi cTuppf n ™: 

retimtis pigmentosa; it also follows des- Note that the 

truction of the nerve in the orbit, as in lamina cribrosa is 

injury of the nerve at the optic foramen in JS, j^ laoed (c ^ 

fracture of the base of the skull, severe ^ 
retrobulbar neuritis, &c. The break in continuity of the fibres 
may be at the disc itself, such as results from the strangulation 
of the papillitis of neuro-retinitis or papillcedeina. These cases 
are distinguished as “ post-neuritic ” atrophy, owing to special 
features which they often exhibit. Besides these causes there 
is a well-defined group of cases in which optic atrophy occurs 
without previous evidence of severe local inflammation, but 
associated with general disease, usually of the central nervous 
system, or without discoverable disease. Such cases are 
described as primary atrophy. 

The essential ophthalmoscopic features of optic atrophy 
in general are alteration in the colour of the disc and changes 
in the blood vessels. The disc is always pale, but may show 
varieties of tint specially associated with various types of 
atrophy. The pallor affects the whole disc and must be care¬ 
fully distinguished from the white centre, often encroaching 


upon the temporal side, due to physiological cupping. The 
pallor is not due to atrophy of the nerve fibres, but to loss of 
vascularity ; hence ifc is an uncertain guide to visual capacity 
{vide p. 403). The change in the vessels is always on the side 
of contraction, but may be absent. 

In primary (grey, tabetic, spinal) atrophy the disc is grey 
or white, sometimes with a greenish or bluish tint (Plate 
XIX., Fig. 1). The stippling of the lamina cribrosa is seen ; the 
edges are sharply defined, and the surrounding retina looks 
normal. Owing to the degeneration of the nerve-fibres 
(Fig. 218) there is slight cupping (atrophic cupping) (Fig. 217), 
which must be carefully distinguished from glaucomatous 
cupping. It is shallow and saucer-shaped, as shown by the 
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slight bending of the vessels, but is scarcely measurable with 
the ophthalmoscope. There is no retraction of the lamina 
cribrosa. The vessels are normal or only slightly contracted. 
Both eyes are generally affected. 

In the “ secondary ” atrophy of retrobulbar mischief the 
condition nearly resembles primary atrophy, but there is 
greater pallor, and the vessels are more likely to be contracted. 
In the “ consecutive ” atrophy of retinal and choroidal 
disease, as typically represented by the late stages of retinitis 



Fto. 218.—Tabetic Optic Atrophy. (From a photograph by Coats.) 
The medullary sheaths of the normal nerve-fibres are stained black 
by the Weigert-Pal method. 


pigmentosa, the disc has a yellowish waxy appearance, the 
edges are less sharply defined, and the vessels are very 
markedly contracted, sometimes to almost complete disap¬ 
pearance. This type of atrophy occurs in severe cases of 
disease of the retinal blood-vessels. 

Post-neuritic atrophy may be indistinguishable from the 
other forms ophthalmoscopically. More commonly it can 
be diagnosed with considerable probability by characteristic 
signs (Plate XIX., Pig. 2). These depend upon the fact that 
the absorption of the exudates leads to a certain amount of 
reactionary organisation, with the formation of a variable 
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quantity of fibrous tissue upon the disc. This tissue obscures 
the lamina cribrosa and fills in the atrophic cup. It extends 
over the edges, which are thus indefinite, and along the 
vessels as a thickening of the perivascular sheaths. Further, 
it throttles the vessels, so that they become markedly con¬ 
tracted, especially the arteries. Owing to previous neuro¬ 
retinitis the surrounding retina often shows permanent 
changes, chiefly manifested by pigmentary disturbance. 
When such changes are well marked previous papillitis may 
be hypothesized with great probability, but in their absence 
the conclusion that there has not been papillitis is not justi¬ 
fiable. The amount of reactionary organisation varies greatly 
in different cases, and the tissue laid down is in the course 
of time gradually absorbed to some extent. It must also be 
remembered that the amount of fibrous tissue on the normal 
disc varies considerably and that slight filling in of the physio¬ 
logical cup with shreds of fibrous tissue extending outwards 
along the vessels occurs as a congenital peculiarity. 

In total optic atrophy the pupils are dilated and immobile 
to light and the patient is blind. When unilateral the con¬ 
sensual reaction to light is exaggerated. In partial optic 
atrophy central vision is depressed and there is concentric 
contraction of the field, with or without scotomata, relative 
or absolute, according to the cause. In primary atrophy the 
disease is usually slowly progressive, ending after months 
or years in complete blindness. It is important to note that 
no deduction as to the amount of vision can be made from the 
ophthalmoscopic appearances. The presence of all the signs 
of atrophy is not inconsistent with a certain, sometimes con¬ 
siderable, amount of vision. 

The chief cause of primary optic atrophy is tabes. It 
may be the first sign, and the other symptoms and signs 
may be long delayed. The patient should be carefully investi¬ 
gated for a history of syphilis, the presence of Argyll Robertson 
pupils, the absence of knee-jerks, the presence of anaesthesia 
(especially of the fifth nerve), inco-ordination, a positive 
Wassermann reaction, and so on. If optic atrophy occurs early 
in tabes, ataxy may be long delayed or never supervene. On 
the other hand, if it occurs late there is no appreciable difference 
in the course of the ataxy. Both eyes are affected, but often 
in unequal degree. The disease advances slowly but surely 
to complete blindness—progressive optic atrophy par excel¬ 
lence. The lesion was formerly supposed to be in the ganglion 
cells of the retina, but there is now considerable evidence that 
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the earliest change is an inflammatory exudation into the 
intracranial part of the nerve and the chiasma. A similar 
condition may be due to general paralysis and insular sclerosis, 
less commonly to other forms of central nervous disease; 
in insular sclerosis the course of the disease is usually different 
—variations, or repeated acute attacks, never causing complete 
blindness. The more favourable prognosis in disseminated 
sclerosis may be due to the fact that in this disease the axis 
cylinders often escape in spite of much destruction of their 
medullary sheaths. Primary atrophy may be due to poisons, 
such as methyl alcohol, lead, atoxyl, &c. (vide p. 399). It 
occurs rarely after repeated large haemorrhages from the 
stomach, uterus or nose in unhealthy subjects; seldom, if 
ever, in heajthy subjects, as, for example, after wounds in 
war. 

In primary atrophy, though central Vision is early affected, 
there is usually no central scotoma. Cases of tabes in which it 
is said to have occurred (Fuchs) may possibly be due to over¬ 
treatment with arsenical preparations. The field shows pro¬ 
gressive concentric contraction, often with marked indenta¬ 
tions which are rather more common on the nasal side. 
Finally, usually in a year or two in tabes, the fixation point is 
engulfed, though eccentric perception of light may still persist 
for a while on the temporal side. Contraction of the colour 
fields precedes that of the field for white, so that there is a 
stage of acquired colour-blindness. The prognosis is very 
bad. 

“ Secondary ” atrophy is caused by compression of the 
optic nerves, chiasma, or tracts by tumours, aneurysm, dis¬ 
tension of the lateral ventricles (hydrocephalus), &c. These 
tumours, &c., are so situated as to press directly upon the 
nerve fibres without causing much rise of intracranial pressure, 
as in the case of tumours of the pituitary body, aneurysm of 
the internal carotid in the cavernous sinus, &e., or to press 
directly on the chiasma or optic nerves behind the optic 
foramen, thus blocking communication with the intravaginal 
lymph-space, as in the case of tumours of the olfactory lobe 
and inferior aspect of the frontal lobe (vide p. 393). The same 
type of atrophy may follow injury to the optic nerve at the 
foramen, haemorrhage into the dural sheath, section of the 
nerve, compression by blood clot, acrocephaly, &c., without 
previous neuritis. Injury to the optic nerve is often due to 
fracture of the base of the skull, and may be bilateral. In 
many cases the injury probably takes the form of a rupture of 
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the small pial vessels supplying the nerve. Vision in the eye 
and direct reaction of the pupil to light are immediately lost, 
but pallor of the disc does not supervene until the second or 
third week later. 

The prognosis and treatment of post-neuritic atrophy have 
been dealt with in discussing papilloedema. 

Treatment of primary atrophy is that of the cause. For 
the lesion of the nerve itself mercury, iodides, strychnine, 
nitroglycerine, the constant current, &c., may be used. 
Attempts have been made to destroy the spirochastes in the 
central nervous system in tabetic atrophy by raising the body 
temperature in various ways, e.g., by induction of malaria ; 
the deterioration of vision has been stopped in a number 
of cases by this means. Efforts to improve the local 
vascular supply by decompression operations h&ve had no 
success. 

Tumours of the Optic Nerve. See Chap. XXXIII. 

Congenital Abnormalities op the Optic Disc 

Coloboma of the Optic Disc. This occurs in two forms, one 
of which is common, the other rare. The common form 
is due to incomplete closure of the choroidal fissure, and 
manifests itself as an inferior crescent, much resembling the 
myopic crescent (q.v.), but situated at the lower edge of the 
disc (Plate VIII., Fig. 1). It is a crescent, whiter than the 
disc itself, situated at the lower border. It occurs most 
commonly in hypermetropic and astigmatic eyes, which are 
often found to have slightly defective vision in spite of 
correction of any error of refraction. It is often slightly 
ectatic (conus). 

In what is commonly known as coloboma of the disc (or 
nerve sheath) there is greater failure of the foetal fissure to 
close. The disc then looks very large and the vessels have a 
very abnormal distribution, appearing only above or irregu¬ 
larly round the edges. - The apparent disc is really the sclerotic 
and inner surface of the sheath of the nerve, the nerve itself 
being usually spread out as a pink horizontal linear band at 
the upper part. The floor of the coloboma is white and 
measurably depressed, often quite ectatic. The eye usually 
has defective vision. 

Barer anomalies allied to coloboma are round “ holes ” in 
the disc, usually looking grey or black owing to the 
shadow, and situated in the temporal portion of the disc; 
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and patches of figment due to inclusion of retinal pigment 
epithelium. 

Mention has already been made (p. 403) of excess of fibrous 
tissue on the disc and extending a short distance along the 
vessels. Sometimes the fibrous tissue takes the form of a 
delicate semi-transparent membrane covering the disc and 
appearing to be slung from the vessels. 



CHAPTER XIX 

Symptomatic Disturbances of Vision 

Apart from the disturbances of vision which have been 
already considered and have their origin in the eye itself, 
there are others dependent upon lesions in the visual nervous 
paths. Since they not infrequently closely simulate the dis¬ 
orders due to peripheral causes, or are early evidence of disease, 
they lead the patient to consult an ophthalmic surgeon. There 
are also visual defects the cause and seat of which are im¬ 
perfectly elucidated ; though some are probably peripheral in 
origin, it will be convenient to consider them here. 

Hemianopia ( Syns .— Hemianopsia, Hemiopia). Hemianopia 
denotes loss of half of the field of vision. The commonest 
clinical form is so-called homonymous hemianopia , in which 
the right or left half of the binocular field of vision is lost, 
owing to loss of the temporal half of one field and the nasal 
half of the other. The condition may be due to a lesion 
situated in any part of the visual paths from the occipital lobe 
to the chiasma. A focus of disease in this area causes loss 
of vision of the corresponding halves of each retina (hence the 
designation homonymous), i.e., loss of the opposite halves of 
the visual fields. 

In many cases of hemianopia the fixation area in each field 
(‘scapes (Fig. 219) especially if the lesion is near the occipital 
cortex; in infra-geniculate lesions the more usual occurrence 
is a bisection of the fixation point. In a number of cases it 
is probable that the macular fibres are in fact spared owing 
to their widespread but segregated course in the optic radia¬ 
tions and their separate representation in the occipital pole. 
The immunity of the macula in vascular lesions of the cortex 
is attributed to the fact that the occipital pole is supplied by 
the posterior and middle cerebral arteries both of which are 
seldom blocked at the same time. The explanation in other 
cases is not so obvious. The theory that there is a decussation 
of macular fibres either in the retina, chiasma or corpus 
callosum has not been substantiated. In certain eases the 
sparing of the macula may be only apparent owing to a 
functional shift of fixation towards the seeing part of the 
retina. On the other hand, a possible explanation may be 
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Fio. 219.—Diagram of the visual paths, showing sites of lesions and 
the corresponding field defects. 

1. Lesion through optic nerve—ipsilateral blindness; 

2. Lesion through proximate part of optic nerve —ipsilateral 

blindness with contralateral hemianopia; 

3. Sagittal lesion of chiasma —bitemporal hemianopia; 

4. Lesion of optio tract—homonymous hemianopia; 

5. Lesion of temporal lobe—quadrantic homonymous defect; 

6. Lesion of optio radiations—homonymous hemianopia 

sometimes sparing the macula); 

7. Lesion of occipital lobe—homonymous hemianopia (usually 

sparing the macula). 
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sought in the integrative powers of the central visual 
mechanism (Verhoeff). 

Lesions of the external geniculate body cause homonymous 
hemianopia (Fig. 219); those limited to the pulvinar and 
superior colliculus do not. Right hemianopia is much more 
quickly discovered than left, owing to the fact that reading is 
impossible. Left hemianopia is often discovered by the fact 
that the patient does not see food on the left side of the plate. 

Cortical and Sub-cortical Lesions. The majority of cases of 
hemianopia are due to lesions above the primary visual centres, 
usually in the occipital lobe or optic radiations (Fig. 219, 6), 
The injury or disease rarelyaffects the grey matter of the occipital 
cortex only; the sub-cortical white matter is almost invariably 
involved. The chief causes are injury by falls on the back of 
the head or gun-shot wounds, cerebral tumour*, cerebral 
softening due to syphilitic or other disease of the blood vessels, 
&c. In gun-shot wounds both occipital lobes are not infre¬ 
quently injured. There is usually unconsciousness from con¬ 
cussion at first; with the gradual recovery the hemianopia 
becomes manifest. If both lobes are extensively injured there 
is bilateral hemianopia with complete blindness. Often, how¬ 
ever, some portion of the cortex of one or other calcarine fissure 
escapes, and in these cases some measure of central vision is 
regained. In less extensive injury the hemianopic symptoms 
may gradually improve. The first sign of improvement is the 
perception of the movement of objects in the affected field, 
the nature and details of the objects being as yet quite un¬ 
recognised. The onset of hemianopia due to disease of the 
cortex is more gradual, and careful investigation with the 
perimeter shows that the colour fields are often lost before the 
field for white light, but the field for white is always contracted 
in these cases (Gordon Holmes). This hemiachromatopsia is 
itself of gradual onset, the colour fields becoming contracted. 
In cortical and sub-cortical lesions the pupil reactions are nor¬ 
mal (vide p. 56), and in many cases the fundi reveal no ophthal¬ 
moscopic changes. The chief exception to the latter statement 
is in the case of tumours of the occipital lobe, in which case the 
rise of intracranial pressure leads to bilateral papillcedema. 
Cortical lesions are liable to be accompanied by word-blindness, 
probably due to involvement of the angular gyrus. When the 
lesion is in the posterior part of the internal capsule hernian- 
sesthesia, with or without hemiplegia, is likely to be present. 

Rare cases of homonymous quadrant hemianopia have been 
reported, in which corresponding quadrants of each field—the 
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upper or lower half of one temporal, and the upper or lower half 
of the other nasal—have been lost. These are generally caused 
by cortical or sub-cortical partial lesions of one occipital lobe, 
destruction of the part above the calcarine fissure leading to 
loss of the lower quadrants and vice versd. Figs. 62 and 63 show 
the probable representation of different portions of the field in 
the visual cortex according to Gordon Holmes and Lister. 

Homonymous defects in the visual fields are found asso¬ 
ciated with lesions of the temporal lobe owing to the fact that 
a ventral band of the optic radiations, the inferior longitudinal 
fasciculus, passes first forwards and then backwards in the 
temporal lobe in its course from the external geniculate body 
to the occipital lobe (Fig. 219, 5). Partial hemianopia, i.e., 
more or less quadrantic defects, are then commoner than the 
typical homonymous hemianopia ; and the defect is usually 
greater on the side of the lesion. Subjective sensations of 
smell are an important symptom in these cases, and are due 
to the involvement of the uncinate process of the hippocampal 
gyrus. 

Lesions of the Optic Tract . In this case, since the afferent 
pupillary fibres part company with the visual fibres before the 
latter enter the external geniculate body (vide p. 60) Wernicke’s 
hemianopic pupil reaction should be present (vide pp. 61, 93). 
It must be remembered, however, that this reaction is always 
difficult to elicit, and with the methods usually employed is 
seldom conclusive. More assistance in diagnosis is afforded 
by collateral symptoms. The proximity of the crus cerebri, 
third and other cranial nerves, leads to not infrequent involve¬ 
ment in the pathological process (vide p. 604). The association 
of hemianopia with contra-lateral third nerve, paralysis and 
ipsilateral hemiplegia suggests a tract lesion. As a rule the 
fixation point does not escape in tract hemianopia. Partial 
atrophy of both optic nerves manifests itself by pallor of the 
discs in these cases, preceded in cases of raised intracranial 
pressure by papilloedema. The lesion is usually syphilitic 
meningitis or gumma, tubercle or tumour of the optic thalamus 
or tomporo-sphenoidal lobe ; softening and haemorrhage are 
rare. 

Lesions of the Optic Chiasnta. Bitemporal hemianopia is 
usually caused by tumours in the region of the sella Turcica ; 
these press upon the chiasma, so that the fibres going to the 
nasal halves of each retina are destroyed. (Fig. 219, 3). Most 
commonly these are tumours of the pituitary body itself ; but 
suprasellar tumours, particularly craniopharyngiomata derived 



SYMPTOMATIC DISTURBANCES OF VISION 411 


from Kathke’s pharyngeal pouch and meningioma ta must be. 
considered. 

Disease of the pituitary body may manifest itself in forms 
which are attributed to (1) hyperpituitarism, (2) hypopituitarism, 
and (3) dyspituitarism. The organ consists of a glandular anterior 
lobe, and a posterior lobe, composed of nervous tissue, covered 
anteriorly by a glandular veneer, the pars intermedia. The 
anterior lobe appears to be specially concerned with skeletal 
growth, the posterior, including the pars intermedia, with tissue 
metabolism : i.e., over-activity of the anterior lobe causes exces¬ 
sive growth in the bones; over-activity of the posterior lobe leads 
fco emaciation and glycosuria with polyuria ; diminished activity 
of the posterior lobe leads to adiposity, sugar tolerance, sexual 
infantilism, low pulse, low temperature, &c. (Cushing). Hyper¬ 
pituitarism in infancy causes gigantism, in later life acromegaly. 
Hypopituitarism causes adiposity and persistence of skeletal and 
sexual infantilism when originating in childhood, adiposity and 
reversion to sexual infantilism, with development of feminine 
characteristics in the male, when originating in the adult (Froh- 
lich’s syndrome). Hyperpituitarism often gradually gives place 
to hypopituitarism ; mixed or transition cases exhibit features 
of both states (dyspituitarism). The adiposity associated with 
defective action of the posterior lobe is accompanied by excessive 
sugar tolerance, i.e., 300 or 400 gms. of glucose or lsevulose can be 
assimilated without the development of glycosuria, whereas about 
100 gms. is the normal amount. There is reason to think that 
some of the symptoms, e.g., somnolence, adiposity, low tempera¬ 
ture and possibly sexual impotence, are to be attributed to dis¬ 
order of the neighbouring hypothalamus rather than to the pituitary 
gland itself. Changes in the pituitary body are accompanied by 
changes in other ductless glands, such as the thyroid, pancreas, 
testicles and ovaries. 

Enlargement of the pituitary body, whether from functional 
hyperplasia, adenoma, or malignant growth, leads to visual 
defects in about 80 per cent, of cases (Cushing), due to pressure 
upon the chiasma, which lies immediately above it (Figs. 220, 
221), and upon the inner sides of the optic tracts. The 
earliest visual symptom may be a unilateral central scotoma, 
simulating retrobulbar neuritis (Nettleship), for one side is 
usually compressed before the other. This may be followed by 
homonymous hemianopia from pressure on one tract, or rarely 
by altitudinal hemianopia, i.e., loss of the upper or more rarely 
lower halves of the fields, from pressure upon the chiasma; 
early loss in the upper half of the field may be caused by intra- 
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or extra-sellar tumours; early loss in the lower half is iu 
favour of a supra-sellar tumour (Brouwer). More commonly 
bitemporal hemiachromatopsia, passing into a complete 
hemianopia, supervenes. The field does not show the accurate 
delimitation characteristic of homonymous hemianopia, but 
gradually contracts from the temporal side inwards and from 
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Fig. 220.—Anteroposterior section of sella Turcica, Pit. B. t pitui¬ 
tary body. Sj)h., sphenoid. Chi., chiasnm. 
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Flo. 221.—Transverse section of sella Turcica. Pit. B., pituitary 
body. Sph., sphenoid. Cav. S., cavernous sinus. Car . A., in¬ 
ternal carotid artery. Ill, IV, VI, third, fourth and sixth nerves. 

Fj, \\, V a , first, second and third divisions of the fifth nerve. 

above downwards, finally involving the nasal field from 
below upwards and leading to complete blindness in the eye 
affected (Plate XX). Then, or at a much earlier stage, the 
vision of the other eye becomes affected in a similar manner. 
If the second eye becomes affected before vision is lost in the 
first the fields show bitemporal hemianopia, but one eye is 
almost invariably more affected than the other, owing to the 
asymmetry of the growth. Complete temporal hemianopia in 
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Showing the eight- stages of a progressing right temporal field defect in 
pituitary disease. (Harvey Cushing and Clifford 11. Walker.) 
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one eye, for example, may be associated with temporal achro¬ 
matopsia in the other. Such cases emphasise the importance 
of charting the colour fields in all cases. A considerable pro¬ 
portion of cases show homonymous hemianopia, due to pressure 
and traction on one optic tract. Variations in the progress of 
the visual defect are not uncommon. In some cases headache 
disappears, other symptoms are ameliorated, and the vision 
ceases to deteriorate. Some of these cases are probably to be 
attributed to cysts which have ruptured spontaneously. 

If one eye is blind the history may reveal the fact that the 
field was lost earliest on the outer side. In cases of acromegaly, 
the enlargement of the jaw and characteristic facies, the large 
hands, the loss of sexual desire, and the presence of impotence 
or amenorrhoea, render the diagnosis easy. Tumours of the 
hypophysis are less readily diagnosed, but here also loss of 
sexual power is usually an early symptom, often accompanied 
by excessive subcutaneous fat. In all cases a skiagram of the 
skull should be taken ; the sella Turcica will be found often, 
though by no means invariably, enlarged. Associated signs 
are slight proptosis and paralysis of ocular nerves, generally 
the first division of the fifth, causing pain, and the third nerve. 
This is of diagnostic importance, since the sixth nerve is more 
commonly affected in intracranial lesions. As already men¬ 
tioned, Fisher regards Leber’s disease {vide p. 400) as probably 
due to pituitarism. 

Some cases improve when treated with thyroid extract, 
others with pituitary extract, but spontaneous variations in 
the amount of visual defect are common. Usually the cases 
come under observation at a late stage when Over-activity has 
given place to insufficiency. Consequently, treatment with 
active extracts of the gland or of the anterior lobe is indicated. 
If, as is usual, the progress of the visual defect Temains unmiti¬ 
gated the question of operation arises, since otherwise total 
blindness from optic atrophy is inevitable. The transfrontal 
route is preferred by neuro-surgeons, and mortality has been 
much decreased by improved technique. Death may occur 
from post-operative hyperpyrexia. 

A chronic chiasmal arachnoiditis , due sometimes to syphilis 
but more often of obscure origin, may also cause bitemporal 
hemianopia due to compression of the chiasma by fibrous 
cicatricial bands. The same field defect has also resulted from 
antero-posterior injury to the chiasma in* fracture of the base 
of the skull. 

Binasal hemianopia is very rare, if, indeed, it can be said to 



414 


DISEASES OF THE EYE 


occur at all in typical form. It necessitates two lesions, one on 
each side of the chiasma, destroying the fibres to the temporal 
halves of each retina while leaving the nasal fibres intact. In 
cases which have been reported there has usually been increased 
intracranial pressure with choked discs, and the condition has 
been attributed to distension of the third ventricle, causing 
the optic nerves to be pressed downwards and outwards against 
the internal carotids. Other cases have been referred to 
atheroma of the carotids or posterior communicating arteries. 

Cases have been described in which there has been loss of 
half of one field and depression of vision progressing to blind¬ 
ness in the other. These are due to a lesion at the point 
where one optic nerve meets the chiasma (Fig. 219, 2). At 
this point, the crossed fibres from the opposite side loop 
forward into the optic nerve so that they also are involved in 
a lesion affecting this nerve. 

Amblyopia (d/A/3A,v<?, blunt) and Amaurosis (dfxavpo^, dark) 
are the terms used for partial and complete loss of sight 
respectively in one or both eyes. They are not used of all 
cases of partial or complete blindness, but have become 
restricted to certain forms of a more or less indefinite character 
devoid of ophthalmoscopic or other marked objective signs. 

Unilateral amblyopia is usually either congenital (vide p. 574) 
or from psychical suppression of the retinal image —amblyopia 
ex anopsia (vide p. 574): these varieties are discussed elsewhere. 
Unilateral amblyopia may be due to high refractive errors in 
the eye. It is then not a true amblyopia, since correction with 
suitable glasses in early life cures the condition if sufficient 
perseverance is exercised. In older people glasses often fail: 
this may be attributed either to the development of a true 
amblyopia from disuse or, more probably, to defective recep¬ 
tivity of the higher centres. Unilateral amblyopia is also a 
symptom of retrobulbar neuritis (q.v.). 

Bilateral amblyopia is found in the various forms of toxic 
amblyopia (q.v.). Bilateral amaurosis occurs in uraemia and in 
meningitis. Both amblyopia and amaurosis occur in hysteria. 

Urwmic Amaurosis occurs particularly in acute nephritis, 
e.g., in pregnancy, after scarlet fever, &c., but is also found with 
chronic nephritis. The onset of blindness is sudden or rapid 
(8-24 hours); it is bilateral and complete. The fundi show no 
changes, unless, as in some cases, there is a coincident albu¬ 
minuric retinitis. Vision usually improves in 10-18 hours, 
and is fully restored in about 48 hours, especially if a lumbar 
puncture is done. In cases during pregnancy there is usually 
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eclampsia. In uraemic amaurosis the pupils are dilated, but 
usually react to light. It is probably due to circulation of toxic 
material which acts upon the cells of the visual centres. The 
retained reaction of the pupils to light shows that the lower 
centres are relatively immune. Exophthalmos sometimes 
occurs in cases of nephritis in which uraemia is present or 
imminent, and may therefore be of some prognostic significance. 
It is accompanied by pain and limitation of movement of the 
eyes, and is probably due to oedema of the orbital tissues. 

Hysterical amblyopia, as might be expected, exhibits protean 
manifestations. It may be unilateral, but is more commonly 
bilateral. There is usually concentric contraction of the fields, 
with or without colour defects. A spiral field is very charac¬ 
teristic, i.e., the field continually diminishes while.it is being 
taken, so that it may be finally limited to the fixation point. 
The patients, however, get about perfectly well unaided, an 
impossibility in cases of genuine highly contracted fields {vide 
p. 375). The condition is sometimes called anaesthesia of the 
retina, an undesirable designation. Sometimes there are 
irritative symptoms—blepharospasm, blinking, lacrymation, 
&c.—hypersesthesia of the retina. The pupillary reactions are 
perfect, affording an invaluable obj ective diagnostic sign. The 
prognosis in hysterical amblyopia is good, though treatment is 
usually tedious. The chief difficulty consists in eliminating 
organic disease, such as retrobulbar neuritis, injury, embolism 
of the central artery of the retina, sympathetic ophthalmia, 
and so on. 

Amaurosis fugax is a term given to sudden temporary failure 
of sight, and is due to various causes. In its simplest form it 
occurs in normal people on rising suddenly from the sitting 
or recumbent to the upright posture. It is then due to the 
effects of gravity and is merely momentary, accompanied by 
slight giddiness and even faintness. In dangerous form it 
occurs in aeroplane “ black-out.” Transient blindness, seldom 
complete, occurs as a prodromal symptom of obstruction of 
the central artery of the retina, and is probably due to spasm 
of the arteries or to the effects of changes in blood pressure 
associated with arteriosclerosis. It has been met with in 
people with mild signs of Raynaud’s disease. Temporary 
amblyopia also occurs in migraine {q.v.), and in early stages of 
papilloedema {q.v.) from increased intracranial pressure. 

Scintillating Scotomata of various kinds occur in migraine. 
In typical migraine the patient feels unusually well before the 
attack. A positive scotoma appears in the field of vision ; 
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while obscuring sight it has a peculiar shinunering character. 
It gradually increases in size until predominantly one-half of 
the field is clouded, the fixation point remaining relatively 
clear. In the dark field there are often seen bright spots and 
rays of various colours, and these are often arranged in zig-zags 
and are then called fortification spectra ( teichopsia ). Both half 
fields are often affected, so that there is homonymous hemian- 
opia. In other cases the whole field becomes clouded, but 
usually even so the fixation point is seen momentarily, and 
then becomes obscured until the eyes are moved to a fresh 
spot. Vision usually clears in about a quarter of an hour. 
The attack is soon followed by violent headache, generally 
limited to the opposite side of the head to the hemianopic field 
(hemicranig), and accompanied by nausea and even sickness 
(“ bilious attack ”). During the attack there is frequently 
numbness in the mouth and tongue and slight aphasia. Attacks 
occur periodically, but vary greatly in number and severity. 
In mild attacks the scotoma or slight aphasia may occur 
without the headache and vice versa. In older persons subject 
to migraine only parts of the typical attack may occur, e.g., 
the scotoma with little headache, or a migrainous headache 
without scotoma. 

Migraine is to be attributed to vaso-motor changes in the 
brain. Vaso-dilatation, associated with a feeling of well¬ 
being, is followed by vaso-constriction, especially in the 
occipital lobes. There is often a copious secretion of urine of 
low specific gravity during the attack. Constriction of the 
retinal arteries has been described during the scotomatous 
stage, but it is very doubtful if it ever occurs. 

Migraine occurs chiefly in highly-strung people and may 
sometimes be accentuated, if not caused, by chronic forms of 
peripheral nerve irritation, especially such as are due to 
astigmatism, anisometropia, &c. Some cases, but by no 
means all, have been cured by accurate correction of the errors 
of refraction and the wearing of suitable glasses. A sedentary 
life, with constipation and insufficient exercise, conduces to the 
attacks. Rest, warmth, and sleep are the best cures for the 
actual attacks. They can sometimes be warded off or alleviated 
by aspirin or ergotamic tartrate tablets. Nitroglycerin or 
amyl nitrite have been used, but are not reliable cures. 

Occasionally people who suffer from ordinary migraine have 
attacks in which, without any scotoma, the headache is followed 
by partial paralysis of the third nerve (ophthalmoplegic migraine ) 
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on the same side as the hemicrania. Slight ptosis, diplopia, and 
sluggishness of the pupil reactions continue for some hours and 
gradually disappear. The paresis is worse and persists longer 
with succeeding attacks, and has sometimes eventually become 
permanent. Probably most of these cases are not migrainous, but 
due to some organic nerve lesion, e.g., pressure on the nerve by 
a congenital aneurysm of the circle of Willis, and some of the 
patients have died from subarachnoid haemorrhage (vide p. 609). 

Night-blindness occurs par excellence in retinitis pigmentosa 
(q.v.) and in xerophthalmia (g.v.). In rare cases it is a 
familial congenital affection. It is also found in endemic 
form, especially after exposure to bright sunlight in hot 
countries, e.g., amongst soldiers and sailors. The patients are 
usually overwrought, as by long marching, or debilitated, as by 
scurvy, fasting in Lent, &c. The condition generally improves 
rapidly if the eyes are protected and the nutrition attended to. 
The affection is purely local, as is shown by the fact that 
covering one eye with a bandage during the day has been 
found to restore sight enough for the ensuing night’s watch on 
board ship, the unprotected eye remaining as bad as ever. 
Night-blindness is to be attributed to interference with the 
functions.of the retinal rods, due to deficiency in visual purple. 
In xerophthalmia and the endemic cases the symptom is a 
manifestation of deficiency of fat-soluble vitamin A in the 
diet, and therefore cod-liver oil is specially indicated. It also 
occurs in diseases of the liver, especially cirrhosis. Soldiers 
often complain of it, but not infrequently it is a functional 
nervous disorder in these cases, associated with other symp¬ 
toms of neurosis or malingering. 

Day-blindness occurs in some cases of congenital amblyopia. 
It also occurs in all cases of reflex blepharospasm. In less 
noticeable form it occurs in lesions affecting the conducting 
paths of visual impulses, such as tobacco amblyopia, retro¬ 
bulbar neuritis, and the early stages of optic atrophy. Patients 
suffering from these disorders often see relatively, and some¬ 
times absolutely, better in a dull than in a bright light. 

Coloured Vision is sometimes complained of, and red is the 
colour usually noticed. Erythropsia occurs particularly after 
cataract extraction if the eyes are exposed to bright light and 
are over-strained. In these cases it may persist for several 
hours or days. Objects look red, but the visual acuity is not 
affected, and no permanent damage results. Patients should 
be warned of the possibility of erythropsia, as it is somewhat 
alarming and suggestive of haemorrhage. It is met with also 

PJR. OF BYB. 1* 



418 


DISEASES OF THE EYE 


in snow blindness. Red vision is sometimes complained of by- 
neurotic hypermetropic children. Chromatopsia also occurs 
in some cases during the resolution of optic neuritis when the 
ensuing atrophy is not complete. In normal people black 
print will sometimes suddenly turn deep red : this is due to 
strong lateral light entering the eye through the sclerotic. 

Metamorphopsia ; Micropsia ; Macropsia or Megalopsia ; 
Photopsiae (vide pp. 339, 349). 

Muscae volitantes (vide p. 330). 

Colour Blindness or Achromatopsia may be congenital or 
acquired. Acquired colour blindness, partial as in cases with 
relative scotomata, or complete as in disease of the optic 
nerve, has been referred to incidentally in treating of the 
various disorders of the eye in which it occurs. It may also 
be a symptom of disease of the central nervous system, espe¬ 
cially perhaps the lowest parts of the occipital cortex. In 
most diseases of the retina and choroid, e.g., detached retina, 
changes in colour perception affect mostly the blue end of the 
spectrum. Slight diminution in acuity of perception of these 
rays is caused normally, owing to their physical absorption, by 
the increase of amber pigment in the nucleus of the lens (blue 
blindness ), and this may be abnormally great in sclerosing 
lenses (black cataract). It has been said to affect the pictures 
of artists in their old age (Liebreich). Slight absorption of rays 
of short wave-length is normal at the macula, owing to the 
yellow pigment present here ; it varies in different individuals. 

Congenital Colour Blindness occurs in two chief forms, total 
and partial. The former is very rare and is generally associated 
with nystagmus and a central scotoma. All colours appear 
grey, of different brightness. The spectrum appears as a grey 
band exactly like the normal scotopic spectrum (vide p. 68), 
and like it with the maximum brightness at 510 pp.. It does 
not change, except in increase of brightness, when the intensity 
is increased, but at moderately high intensity photophobia 
occurs. It is probable that total colour blindness is caused by 
defective development of cones or their complete absence. 

The partial form is seldom discovered unless specially tested 
for, since the subjects compensate for their defect by attention 
to shade and texture, combined with experience. Gross cases 
occur in 3 to 4 per cent, of males, but are rare in females 
(0*4 per cent.); slighter cases are quite common in males. 
It is an inherited condition, being transmitted through 
the female, who is usually unaffected. In most cases reds 
and greens are confused, so that the defect causes grave 
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danger in certain occupations, e.g., railway signalmen, engine- 
drivers, and sailors. The red-green cases fall into two chief 
groups, protanopes and deuteranopes. For the former the red 
end of the spectrum is much less bright than for normal people 
and is often actually shortened. These groups are explained 
on the Young-Helmholtz theory by the hypothesis that one 
of the primary sensations (vide p. 69) is lacking. They are 
therefore often said to have dichromatic vision. In the pro¬ 
tanopes the so-called red sensation is said to be absent, and 
they are called red-blind ; in the deuteranopes the green 
sensation is absent and they are called green-blind. On 
Hering’s theory both groups are varieties of red-green blind¬ 
ness, which is explained as due to absence of the red-green 
substance (vide p. 69). In both groups the defects may not 
be complete and these cases are called protanomalous and 
deuteranomalous respectively. Since, on the Young-Helm¬ 
holtz theory, all three sensations are represented, though one 
is defective, these are said to have anomalous trichromatic 
vision. It is clear that theoretically there might be other 
cases of colour blindness due to absence of the blue sensation 
or the blue-yellow substance, and such have been described, 
but are very rare (tritanopes). 

There are two objects to be aimed at in testing for colour 
blindness : (1) the exact scientific nature of the defect; (2) 
whether the subject is likely to be a source of danger to the 
community. The first is exhaustive and may be the only 
means of arriving at the second, especially in the anomalous 
trichromats. In the more difficult cases, besides the simpler 
tests, more stringent tests with a pure spectrum must be 
employed. In them only those of large experience will gather 
any useful information from the names given by the subject 
to various colours, for these are named chiefly by reference to 
their various brightnesses and the answers appear to be quite 
inconsistent. In testing for danger only, it is obvious that the 
names given to the colours are of value, for if a man repeatedly 
calls red green or vice versa he is clearly unsuited to be an 
engine-driver or look-out man on a ship. 

Whatever the object in view, several tests should be em¬ 
ployed. For the spectrum tests the student must be referred 
to special monographs on colour vision. The following are the 
chief other tests. 

(1) The Lantern Test. The subject names various colours 
shown by a lantern, and is judged by the mistakes he makes. 
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Much here depends upon the size of the apertures of the 
lantern (i.e., the size of the retinal areas stimulated) and the 
nature and intensity of the light source. Many lanterns are 
worse than useless. The best is that used by the Board of 
Trade, which has now been adapted to electric light. Edridge- 
Green’s lantern is efficient if used by an expert. 

(2) Holmgren's Wools. These consist of a large selection of 
skeins of coloured wools, and the candidate is required to make 
a series of colour matches. 

Test I. consists in presenting to the candidate a pale green 
sample and telling him to select from the heap of wools all 
those which seem to correspond in colour. If he is colour blind 
he will probably select several of the “ confusion colours ” 
—greys, buffs, straw colour, &c.—as well as greens. He is 
next given a rose colour (II.): if he matches this with blues 
or violets he is red-blind ; if with greys or greens he is green- 
blind. He is then given a bright red skein (III.): if he is red- 
blind he will choose dark greens and browns, if green-blind 
pale greens and browns. Sir William Abney has recommended 
the addition of two other tests. IV. is a purple skein : if the 
candidate is colour blind he will probably select any shade of 
blue or green, also pinks and greys. V. is a yellow skein : the 
colour-blind candidate will probably select greenish-yellows, 
light yellow-greens, fawns and pinks. In blue-blindness 
purples, red and orange are confused in test II. 

Holmgren’s wools have been much criticised, but if the tests 
are properly carried out gross defects of colour vision are easily 
recognised and an expert will be put on his guard in almost 
every case of even minor defect. 

(3) Stilling's Tests. These consist of coloured lithographic 
plates, in which bold numerals are represented in dots of 
various tints set amid dots of the same size but of tints which are 
most readily confused with those of the figures by colour-blind 
people. Normal trichromats can easily read the numbers, some 
of which are indistinguishable to the various types of colour blind. 
Ishihara’s tests are a modification and, in some respects, an 
improvement, on Stilling’s : they include tests in which the 
numbers can be read by the colour blind, but not by the normal 
sighted. 

(4) NageVs Anomaloscope. This is an instrument in which 
on looking down a telescope a bright disc is seen, divided into 
two halves by a horizontal line. One half is illuminated by 
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light of the sodium line of the spectrum (yellow), and this has 
to be matched by a mixture of red (lithium line) and green 
(thallium line) in the other half. By turning a screw the rela¬ 
tive amounts of red and green in the mixture can be varied. 
By turning another screw the brightness can be varied. 

Defects of colour vision have led to much acrimonious dis¬ 
cussion. Their detection may be easy, but is often difficult. 
No theory which has yet been brought forward is wholly 
satisfactory, and no single test is infallible. 

Malingering. Cases occasionally occur of men who hope to 
gain some advantage by pretending to be blind. It is rare for 
complete blindness to be assumed, and such cases can only be 
detected by constant watching of the person’s behaviour. 
When one eye is said to be blind, in spite of absence of sufficient 
objective evidence to account for the condition, the demonstra¬ 
tion of malingering resolves itself into a contest of wits between 
the surgeon and the individual. Many tests have been devised, 
and several should be employed in each case. 

(1) A low concave or convex glass (0. 25 D) is placed before 
the “ blind ” eye, and a high convex (+ 10 D) before the 
“ good ” eye, and the examinee is told to read the distant 
types. If he succeeds malingering is proved. 

(2) A prism is placed base downwards before the “ good ” 
eye and the examinee is told to look at a candle. If he admits 
to seeing two candles malingering is proved. 

(3) The surgeon stands behind the patient and covers the 
“ blind ” eye with his hand, at the same time holding a prism 
of 10 degrees base down before the “ good ” eye in such a 
manner that the edge of the prism passes horizontally across 
the centre of the pupil. Uniocular diplopia results. The 
surgeon then simultaneously removes his hand from the 
“ blind ” eye and shifts the prism upwards so that the whole 
pupil is covered by it. If the examinee still admits to seeing 
two candles malingering is proved. 

(4) While the examinee looks at a candle a prism of 10 
degrees is placed base outwards before the “ blind ” eye. If 
the eye moves inwards in order to eliminate diplopia it is not 
blind. 

(5) Snellen’s coloured types may be employed. The letters 
are printed in green and red. If a red glass is placed before 
the “ good ” eye, and the patient reads all the letters, the other 
eye is not blind, for the eye looking through the red glass can 
only see the red letters. Care must be taken in this test that 
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the red glass cuts off all the rays from the green letters as tested 
by the surgeon’s own vision. 

Word-blindness occurs as a not very uncommon congenital 
defect—0-1 per cent, of elementary school children (Thomas). 
It is much commoner in boys than girls. Owing to backward¬ 
ness in learning to read the children are often brought to the 
ophthalmic surgeon, visual defect being suspected. In spite 
of normal fundi and often quite normal acuity of vision, the 
patients fail to recognise printed or written words. The 
auditory memory of words is unimpaired, and generally 
numerals and music can be read. Hence the patients learn well 
orally, and are good at arithmetic. They are often quite intelli¬ 
gent and may be wrongly punished for inattention and stu¬ 
pidity. The condition sometimes runs in families. The defect 
is not necessarily complete, and much improvement can be 
obtained by careful individual tuition and perseverance. 



CHAPTER XX 

Intra-Ocular Tumours 

Intra-ocular tumours are rare, but of great importance, 
since they are usually malignant and endanger the life of the 
patient. 

Tumours of the Uveal Tract. The malignant tumours of the 
uveal tract have long been considered mesodermal and have 
become classically known as sarcomata. The majority are 
pigmented, but the pigment is not essential to their nature. 
Evidence has recently been brought forward to'show that 
simple movi and malignant melanomata of the skin are neuro¬ 
ectodermal in nature, being derived from the cells of the sheaths 
of Schwann (Masson), and it has been contended that the 
common uveal tumours have a similar origin (Theobald): for 
this reason these tumours are now frequently referred to as 
“ malignant melanomata,.” 

Tumours of the Iris. It is not uncommon to see irides 
with dark brown spots (melanomata), due to congenital 
aggregations of retinal pigment epithelium. As a rule these 
are benign, but occasionally they take on malignant prolifera¬ 
tion. Any increase of size must be watched with suspicion. 
Pigmented naivi also occur rarely. 

Sarcoma, composed of pigmented or junpigmented spindle- 
shaped or round cells, occurs as an isolated nodule, but is very 
rare. It grows rapidly, and if left attacks the corneo-sclera 
and perforates the globe. It gives rise to metastases from 
which the patient dies. Although it is the only new growth 
of importance met with in the iris, it may be diagnosed from 
gumma or tubercle only with difficulty. The chief points of 
difference are the absence of inflammation as shown by 
synechiiB, &c., the absence of satellites, the frequency of 
pigmentation, and the rapid increase in size,. 

Treatment. The growth should be watched for a short time, 
and if found to increase in size should be removed by iridec¬ 
tomy if this is feasible. The specimen is subjected to expert 
microscopic investigation. If the growth is malignant and has 
not been completely removed or shows signs of recurrence it 
is safest to exercise the eye at once, though successful treatment 
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by radiation has been recorded. If completely removed the 
prognosis is good. 

Sarcoma of the Choroid is not so rare as sarcoma of the iris. 
The growth arises from malignant proliferation of the stroma 
cells of the outer layers. It forms at first a lens-shaped mass, 
raising the retina over it. By the process of growth increased 
tension is thrown upon the elastic membrane of Bruch, which 
finally ruptures. The cells then proliferate through the opening 
and form a globular “ head ” in the subretinal space, separated 
from the mass in the choroid by a narrow “ neck ” (Fig. 222). 



Fio. 222.—Section of sarcoma of the choroid ( x 9), showing the typical 
mushroom shape. Ch., pars plana of ciliary body, continuous pos¬ 
teriorly with the choroid, behind R, retina. 


The retina remains in contact with the tumour at the summit 
of the head, but is detached from the choroid at the sides, the 
intervening space being filled with albuminous fluid. The 
growth may be in any situation, and the fluid may sink down 
to the lowest part of the eye, forming there a “ simple ” detach¬ 
ment isolated from that over the tumour. As the tumour 
progresses the retina is more and more detached, until no part 
remains in situ. The nutrition of the lens then suffers, so that 
it becomes opaque. The tumour may fill the globe before 
perforating the sclerotic, or this may occur relatively early 
along the perivascular spaces of the vortex veins or ciliary 
vessels. The orbital tissues then become infiltrated. The 
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lymphatic glands are not affected, but metastases occur in the 
liver and elsewhere. 

The growth is usually pigmented—melanotic sarcoma; 
rarely unpigmented—leucosarcoma. The distinction is rela¬ 
tively unimportant pathologically. The pigment is chiefly 
melanin, but haematogenous pigmentation occurs after 
haemorrhages. Metastases from melanotic growths are often 
unpigmented. The cells are usually spindle-shaped. They 
may be cylindrical or palisade-like, arranged in columns, or 
around blood vessels (angiosarcoma), or the cells may be 
endothelial. Most sarcomata are mixed-celled. Silver 
staining reveals a variable amount of argyrophile reticulin ” 
fibres, generally most in spindle-celled sarcomata. There is 
evidence that those with most reticulin are least, malignant. 

The course of sarcoma of the choroid is commonly divided 
into four stages : (1) the quiescent stage ; (2) the glauco¬ 
matous stage ; (3) the stage of extra-ocular extension; (4) the 
stage of metastasis. This is probably the typical chronological 
order of events, but secondary glaucoma may arise at a very 
early stage or be delayed until after extra-ocular extension has 
taken place, and there is evidence to show that metastases may 
occur at an early stage. 

The cause of the glaucoma is obscure : in most cases it is 
due to the lens and iris being forced forwards, so that the angle 
of the anterior chamber becomes blocked. In other cases, 
particularly those of early onset, obstruction to the venous out¬ 
flow from the eye is the probable explanation, the tumour being 
in some instances so situated as to press upon a vortex vein. 

Sarcoma of the choroid usually occurs in adults between 
forty and sixty. It is always primary, single, and unilateral. 
The patient may come under observation in the early stage 
when there is only detachment of the retina. The earliest 
cases to seek advice are those in which the tumour is near the 
macula, since vision is then most strikingly affected. In other 
cases the tumour has usually attained a considerable size, and 
the patient may apply for treatment for relief of the pain of 
glaucoma. 

It is of the utmost importance that the cause of the detach¬ 
ment of the retina should be diagnosed in these cases. We 
have already seen that “ simple ” detachment of the retina 
is most frequently found in myopic eyes or after a blow, though 
many cases are apparently “ idiopathic.” In simple detach¬ 
ment the lower part of the retina is usually affected, though not 
always. There is therefore presumptive evidence—of only 
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slight weight—that a detachment in the upper part is due to a 
tumour of the choroid. In detachments of considerable size 
the tension of the eye is normal or subnormal in the absence of 
a growth ; if the tension is raised quite definitely a growth may 
be diagnosed almost with certainty. A simple detachment 
shows numerous, more or less parallel, folds, and undulations 
can be seen to travel over the surface when the eye moves. The 
detachment at the summit of a tumour is usually rounded and 
fixed, though in the surrounding parts it may show all the signs 
of a “ simple ” detachment. Patches of pigment upon the 
rounded part support the diagnosis of a tumour, but pigment 
disturbance, more particularly at the periphery, is not uncom¬ 
mon in simple detachment. Rarely a system of blood vessels 
having an entirely different mode of distribution from the 
retinal vessels can be made out between the latter vessels. This 
is the most positive evidence of growth, but it is only occa¬ 
sionally seen. A very small, round detachment in the macular 
region or upper part of the globe is almost certain to be due 
to a tumour of the choroid. If the detachment is sufficiently 
anterior, transillumination with a specially devised lamp will 
afford assistance in diagnosis. After anaesthetising the eye and 
dilating the pupil with homatropine the minute lamp is placed 
in contact with the eyeball as nearly as possible over the 
situation of the growth and the pupil observed in the darkroom. 
In cases of doubt when the suspected neoplasm is situated 
behind the equator it is justifiable to incise the conjunctiva and 
Tenon’s capsule and pass posteriorly over the sclera a specially 
constructedsmalltransilluminationlamptothesiteofthegrowth. 
A simple detachment is transparent, a choroidal growth opaque. 

Diagnosis may be extremely difficult if the patient is first 
seen when glaucoma has already supervened. Dependence 
must then be placed largely upon the history. Defective vision 
may ha ve been noticed, but the premonitory haloes of glaucoma 
have been absent, and vision has gone from bad to worse 
without remissions. One eye only is involved. The other may 
be perfectly normal, or at least not of the glaucomatous type 
with small cornea and so on, and the field of vision in this eye 
will show no contraction on the nasal side. The affected eye 
will probably have no perception of light, so that if any doubt 
remains it should be excised. 


In the diagnosis two rare simple tumours must be kept in mind, 
particularly in the early stages. A choroidal nsevus appears as a 
bluish patch with somewhat feathered edges, usually about the 
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size of the optic disc ami situated near the posterior pole of the 
eye. It is congenital and symptomless but, like naevi elsewhere, 
may occasionally assume malignant characteristics. A cavernous 
haemangioma of the choroid, another rare tumour of congenital 
origin and of exceedingly slow growth, is also usually situated 
near the disc. It has a greyish hue and steep margins and often 
causes a retinal detachment. It is frequently associated with 
dilated vessels in the fundus or haemangiomata elsewhere. 

Treatment. The eye should be excised as soon as possible 
after arriving at the diagnosis of sarcoma. Although such 
growths rarely travel down the nerve, it is wise to cut it as long 
as may be. If the growth has already burst through the globe 
the orbit should be exenterated, or irradiated with X-rays or 
radium. When the affected eye is the only seeing eye, the 
choice of excision or treatment by diathermy or suturing radon 
seeds to the sclera over the site of the neoplasm {vide p. 431) 
should be put before the patient. 

The disease is invariably fatal, usually within five years, if 
not eradicated by operation: metastases may be delayed for 
ten years or more. Prognosis is fair if the tumour is small 
and entirely intraocular, especially if it contains muchreticulin 
{vide p. 425). 

Flat Sarcoma of the Choroid. In rare cases the choroid 
becomes infiltrated with sarcoma cells which cause a uniform 
thickening and shallow “ detachment ” of the retina. These are 
probably endotheliomatous, spreading along the lymphatic spaces 
of the choroid in the same manner as secondary carcinoma {q.v.). 

Sarcoma of the Ciliary Body is fundamentally of the same 
nature and gives rise to the same symptoms as sarcoma of the 
choroid, the differences being only those dependent upon the 
anatomical disposition of the parts. Thus the retina, being 
here more adherent to the underlying uvea, and being reduced 
to a double layer of epithelial cells, is not detached. When the 
growth has spread to the choroid the retina propeT becomes 
detached. The tumour may attain considerable size before it 
causes symptoms, which are then referable to displacement or 
distortion of the lens and interference with the ciliary muscle. 
The ciliary circulation is impeded, and conspicuous dilatation 
of one or two anterior perforating ciliary vessels should always 
arouse suspicion. The growth may invade the angle of the 
anterior chamber. It then has the appearance of an iridodia- 
lysis, a dark crescent showing at the root of the iris. That it 
is not an iridodialysis is shown by the fact that no reflex can 
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be obtained through it on illuminating with the ophthalmo¬ 
scopic mirror and from the absence of history of a blow. In 
the case of a leucosarcoma the crescent may be yellowish, but 
vessels will usually be visible upon the surface, and these 
render the diagnosis easy. The growth may be visible by 
oblique illumination with a widely dilated pupil, and is 
opaque to transillumination. 

Sarcoma of the ciliary body is less common than that of the 
choroid. The treatment and prognosis are the same. 

Ring or Annular Sarcoma of the Ciliary Body resembles flat 
sarcoma of the choroid in its infiltrating character. It is very rare. 

Epithelial hyperplasia of the ciliary processes is not uncommon 
in old eyes. Rarely malignant epitheliomata occur ; also growths 
resembling 'embryonic retina in growing people (diktyoma). 
They cause the same clinical signs as sarcoma. 

Secondary Carcinoma of the Choroid occurs sometimes in late 
stages of scirrhus of the breast, more rarely in cancer of other 
organs. There is obscuration of vision, and ophthalmoscopic 
examination reveals a widespread shallow detachment of the 
retina, usually at the posterior pole. The disease is nearly 
always bilateral, and as it is usually only one of many meta¬ 
static deposits and the patient is generally in the last stages of 
general carcinomatosis, no special treatment is indicated. 

Retinoblastoma ( Syns.—Glioma retince, Neuroepithelioma 
retinae ) has hitherto been more commonly known as glioma 
retina?. True gliomata, however, i.e., malignant proliferations 
of neuroglia such as occur in the brain and optic nerve, are 
very rare in the retina. The usual malignant growth of the 
retina is due to proliferation of neural cells, and is better 
termed retinoblastoma. 

It is confined to infants, and is probably always congenital, 
though it may remain quiescent or pass unnoticed until 
the fifth or sixth year or even later. The disease is rare ; 
the second eye is affected, independently and not by metastasis 
or continuity via the chiasma, in about one-fourth of the cases, 
but frequently the growth cannot be recognised even on careful 
examination until after months or even years. Several children 
of the same family are sometimes affected. 

The child is brought to the surgeon on account of a peculiar 
yellow reflex from the pupil, sometimes called“ amaurotic cat’s 
eye.” If left untreated retinoblastoma runs through the same 
stages as sarcoma of the choroid, viz., (1) the quiescent stage ; 
(2) the glaucomatous stage; (3) the stage of extra-ocular 
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extension; (4) the stage of metastasis. The second stage 
results in enlargement of the globe, with apparent or real 
exophthalmos. Pain is severe during this stage, but is relieved 
when the tumour bursts through the sclerotic. Perforation 
often occurs at the limbus, and is followed by rapidly fun¬ 
gating growth. Metastasis first occurs in the preauricular and 
neighbouring glands, later in the cranial and other bones. 
Direct extension by continuity to the optic nerve (which is 
early affected) and brain is commoner, and metastases in other 



Fm. 223.—Section of retinoblastoma (x 3). Note the rings of deeply 
stained cells surrounding blood vessels; also the infiltration of the 
anterior part of the optic nerve. 


organs, usually the liver, are relatively rare (cf. Sarcoma of 
the Choroid). In most cases the first stage lasts from six 
months to a year. 

The growth consists chiefly of small round cells with large 
nuclei resembling the cells of the nuclear layers of the retina ; 
masses of these stain badly, showing that they are undergoing 
necrosis (Fig. 223). Among them may be found rosette-like 
formations of cells resembling the rods and cones. Such 
rosettes are also found in microphthalmia, and have been 
produced in embryonic eyes by irradiation and by trephining 
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undeveloped rats’ eyes (Tansley). The growth probably 
originates in an island of undifferentiated embryonic retina 
which has failed to develop normally. 

Retinoblastoma is invariably multiple (cf Sarcoma of the 
Choroid). When seen very early, as for example in the second 
eye, a larger mass is seen surrounded by numerous punctate 
satellites. Microscopically, minute deposits are seen scattered 
in various situations throughout the globe. It may grow 
principally outwards, separating the retina from the choroid 
(“glioma exophytum ”), or inwards towards the vitreous 
(“ glioma endophytum ”). There is no fundamental distinction, 
but the ophthalmoscopic appearances differ in the two types. 
In the former the condition resembles a mere detachment of 
the retina ;, in the latter polypoid masses may be seen stretch¬ 
ing into the vitreous. Haemorrhages upon the surface are net 
uncommon, especially in glioma endophytum. 

Several conditions occurring in children may give rise to 
similar signs, and cause great difficulty in diagnosis. These 
have been grouped together under the term “pseudoglioma .” 
The chief are (1) inflammatory deposits in the vitreous, with 
or without detachment of the retina ; (2) tubercle of the 
choroid, especially the confluent type ; (3) congenital defects, 
due to persistence of part of the fibro-vascular sheath at the 
back of the lens. The first group are due to a quiet form of 
cyclitis, which may have passed unnoticed or may have 
caused slight redness of the eyeball with inflammatory deposits 
in the anterior chamber; these, however, are usually soon 
absorbed. A history of fits, unconsciousness, attacks of 
screaming, ear disease, meningitis (especially post-basic), one of 
the acute specific fevers, syphilis, &c., may be obtained. Iritis, 
or the results of iritis or iridocyclitis, e.g ., posterior synechise, 
retraction of the base of the iris, and so on, are often 
present. 

In all cases atropine should be instilled and both eyes should 
be thoroughly examined opthalmoseopically, under general 
anaesthesia if necessary. The tension may then be satisfactorily 
tested, and may afford useful information which cannot be 
obtained without an anaesthetic. Raised tension is in favour 
of retinoblastoma, lowered of pseudoglioma. Even when every 
precaution is taken there is a considerable group of cases in 
which it is quite impossible to be certain of the diagnosis. 
Considering that the life of the patient is at stake and that 
the eye is in any case useless as an organ of sight, these cases 
should be treated as malignant. 
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Treatment. The treatment is excision of the eye at the 
earliest possible moment. The optic nerve should be cut 
long, and the cut end invariably submitted to microscopical 
examination. If there is any doubt of extension of the disease 
to the conjunctiva or orbital tissues exenteration of the 
orbit is imperative. In cases where the diagnosis is doubtful 
the eye should be removed, for in inflammatory pseudoglioma 
the eye is destined to shrink and become unsightly. In no 
case should both eyes be removed at the same operation, but 
if one is proved by microscopical examination to contain 
retinoblastoma and the other contains similar nodules, it is 
justifiable to treat these by destruction by diathermy or 
radon. 

In treatment by radon a 2 millieurie seed is stitched to the 
sclera over the site of the nodule. When the growth is situated 
near the macula and optic disc the radon seed or seeds may be 
embedded in a strip of Stent wax moulded over the appropriate 
site. The Stent is kept in position by stitching it to the sclera at 
about the equator. There is histological evidence that a 2 milli- 
enrie radon seed destroys the growth for a radius of at least 3\ r > 
mm. around it. The number of seeds required will depend upon 
the size of the neoplasm ; four is the maximum yet used with 
good results. Late sequel® of irradiation are thin greyish exudates 
at the macula eighteen months, and posterior cortical lens 
opacities from 9 months to 8 years after treatment. Some patients 
are still alive eleven and twelve years after radon treatment. 
Radon seeds should be used only in bilateral retinoblastoma, or 
when excision of the eye is absolutely refused. 

The prognosis of retinoblastoma, if untreated, is absolutely 
bad, the patient invariably dying. The prognosis is fair if 
the eye is removed before extra-ocular extension has occurred. 
In the absence of disease of the second eye the patient may be 
regarded as out of danger if there is no recurrence in the orbit 
within three years, but the remaining eye should be carefully 
examined under atropine at frequent intervals for a much 
longer period. There are several cases on record of cure after 
removal of both eyes. 



CHAPTER XXI 


Injuries to the Eye, Panophthalmitis, and Sympathetic 

Ophthalmia 

The eye is protected from direct injury by the lids and the 
projecting margins of the orbit. Nevertheless, it is not 
exempt from foreign bodies, the action of caustics, contusions 
by blunt and wounds by sharp instruments. 

Foreign Bodies, Burns, &c. 

Foreign Bodies, which are usually small—particles of coal 
dust, emery, steel, &c.—may pitch upon the conjunctiva or 
upon the cornea. In the former case they cause sudden 
discomfort and reflex blinking. The foreign body sticks to the 
palpebral conjunctiva and is liable to be dragged across the 
cornea, which it excoriates. It may get floated by tears 
towards the inner canthus, and so into the nasal duct. Very 
frequently it becomes lodged at about the middle of the 
upper sulcus subtarsalis {vide p. 617), where it is most likely 
to irritate the cornea, or in the upper fornix. It may occa¬ 
sionally become imbedded in the bulbar conjunctiva. Quite 
large foreign bodies, such as a grain of com, may be retained 
for a long time in the upper fornix and give rise to much 
irritation and some discharge. They are liable to be over¬ 
looked unless the upper lid is everted. They are generally 
imbedded in a mass of granulation tissue, which may simulate 
the cockscomb type of tubercle {vide p. 183). The wing cases 
of insects and the husks of seeds may adhere by their concave 
surfaces to the cornea, usually at the limbus, for several days 
or even weeks. 

Fragments of aniline pencil in the eye cause much irritation 
and a very unsightly staining. The eye should be irrigated with 
a weak solution of alcohol, and glycerine drops used (Swanzy 
and Werner), since these substances are solvents of aniline 
violet {vide p. 185). 

Particles of steel and emery are very liable to fly straight 
on to the cornea and penetrate into the epithelium or sub¬ 
stantia propria. Larger particles of steel, or less commonly 
stone, glass, &c., may perforate the globe {vide p. 452). When 
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situated in the cornea they cause great pain and irritation. 
The pupil is often constricted. If allowed to remain they 
expose the cornea to the dangers of infection by organisms 
in the conjunctival sac and ulceration. This may lead to a 
small superficial slough being cast off, carrying the foreign 
body with it. The small ulcer thus formed may heal, but if 
virulent organisms are present, a spreading ulcer, with or 
without hypopyon, may develop. 

It is not always easy to discover a foreign body upon the 
cornea. If situated eccentrically on the cornea a leash of 
conjunctival blood vessels will be dilated on this side and will 
point in the direction of the foreign body. In case of doubt 
the eye should be anaesthetised and the cornea thoroughly 
examined under oblique illumination with a loupe. The use 
of fluorescein will sometimes ; but not always, reveal the 
position. In some cases the foreign body can be detected 
by reflecting light into the 
eye with a plane mirror, 
especially if a convex lens is 
used to magnify the object 
{vide p. 236). 

The binocular corneal 
microscope is of great assist¬ 
ance in determining the posi¬ 
tion and nature of the foreign 
body. When combined with 
illumination by the slit-lamp 
the depth of an imbedded 
foreign body can be measured 
by the aid of a micrometer, or 
estimated by the length of the shadow which it casts (Fig. 224). 

Treatment. Foreign bodies must be removed as soon as 

f ossible, and as far as possible with antiseptic precautions, 
f situated in the lower fornix they are easily removed with 
a clean handkerchief after everting the lower lid. If not 
found in this position the upper lid should be everted {vide 
p. 80); the particle will generally be found in its favourite 
situation, and can be removed in the same manner or by 
passing the finger over the surface. If it is still not seen 
the upper fornix should be brought into view {vide p. 81) and 
the particle removed. In case of difficulty, previous applica¬ 
tion of pantocain will materially assist. 

If the foreign body is imbedded in the bulbar conjunctiva it 
should be picked out by a needle, after application of pantocain. 



Fig. 224*.—Slit-lamp illumination. 
(Koby.) 
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If a discission needle is not at hand a darning needle may be 
used ; it should be passed through a flame first, so as to 
sterilise it. This little operation is performed in the same 
manner as removal of foreign bodies from the cornea (vide 
infra). It may be necessary to snip off the small piece of 
conjunctiva containing the foreign body with scissors. 

Bern oval of foreign bodies from the cornea is effected as 
follows : The eye is anaesthetised and the patient seated 
in a chair. The surgeon stands behind the patient and 
holds the lids apart with the first and second 


, fingers of his left hand, pressing slightly back- 
| wards so as to steady the globe. An assistant 

I' focusses the light upon the cornea, the patient 

I being told to look in the direction which affords 
the best view of the particle. An attempt 
may first be made to remove the foreign body by 
touching it with a slip of clean blotting-paper, 
which exercises a capillary attraction. If this 
fails a sterilised spud (Fig. 225) is used. Only if 
this too fails after repeated efforts should a needle 
be resorted to. It may be a discission needle, or in 
default of that a darning needle (vide supra). The 
greatest care should be exercised not to scrape up 
the epithelium more than is absolutely necessary. 
i!';i Emery and steel particles cause a little ring of 

i'ijjj] brown stain around them, which should be scraped 

j “I off; if this is not done the patient is likely to return, 

;j | under the impression that the foreign body has not 

i!r been removed. If there is any sign of ulceration, 

Km 225 - e ’^"> greyish infiltration around the abrasion, and 

a pud*" for the patient is young, with normal tension , a drop of 1 
removing per cent, atropine should be instilled, warning being 
Vo dVe's g* ven that the sight will be misty for a few days, 
from the ^ the patient is over forty or has any signs indi- 
eornea. cative of the possibility of glaucoma arising (vide 
p. 285), atropine should be avoided and the eye 
should be examined daily for a time. Atropine should not 


be used as a routine measure : it is generally unnecessary, 
and it always involves prolonged absence from work and 


consequent economic loss. In every case parolein is instilled, 
and the eye is kept bandaged for a day, and boric lotion is 
ordered. If ulceration occurs it is treated in the appropriate 
manner (vide p. 204). Special attention should be given to 
particles of stone, which show a greater tendency than steel, 
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&c., to cause ulceration, probably because steel particles are 
often hot, and therefore sterile, when they enter the eye. 

Occasionally sharp steel and other particles penetrate deeply 
into the cornea, without, however, perforating. The efforts 
made to remove them may push them still deeper or even into 
the anterior chamber. When such an accident is feared, special 
precautions must be adopted. If the particle is steel and a 
large magnet, e.g., Haab’s or Mellinger’s, is available, this 
method should be tried (vide p. 460); it is often necessary to 
incise the cornea overlying the foreign body. This method may 
fail, the particle being so small that an insufficient number of 
lines of force pass through it. In these cases, or when the particle 
is non-magnetisable, a broad needle should be passed into the 
anterior chamber and pressed against the back of the cornea 
while the foreign body is being removed wrfh a needle. 
Usher has invented a spatula, curved on its anterior surface 
to fit the back of the cornea, for this purpose; it is intro¬ 
duced into the anterior chamber through a keratome incision. 
If the foreign body escapes into the anterior chamber it must 
be removed by other methods (vide p. 457). 

Prophylactic Measures. Foreign bodies in the eye are 
extremely common in industrial workers, especially in grinding 
tools, lathe work, &c. Apart from the danger to the sight of the 
worker, they are a source of great economic loss from loss of 
time, compensation, &c. They could in most cases be entirely 
prevented by the use of protective goggles, but it has hitherto 
been found impracticable to enforce this measure among British 
workmen. Every attempt should be made by the provision of 
comfortable goggles and by educative means, such as “ Safety 
First ” notices and lectures by welfare officials, to point out the 
dangers and to encourage the workmen to use goggles. ' 

Bums and Injuries by Caustics. Burns by hot water or 
steam, hot ashes, exploding powder, molten metal, &c., and 
injuries by caustics, such as lime, usually from fresh mortar 
or whitewash, strong acids and alkalies, &c., endanger the 
eye chiefly in two ways, viz., by injuring the cornea and by 
producing symblepharon. Strong ammonia is particularly 
harmful, causing necrosis of the cornea; hydrochloric acid 
(spirits of salt) much less so. Many eyes have been lost 
through cutting open golf balls: the central core often con¬ 
tains caustics (barium sulphate, caustic soda, etc.) which 
spurt into the eye. Immediately after the accident there is 
intense conjunctivitis and chemosis, but the cornea looks 
clear ; in this state it is difficult to be certain of the extent of 
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the injury. A drop of fluorescein solution will reveal the 
extent of the area denuded of epithelium. Prognosis should 
therefore be guarded, care being taken to impress upon the 
patient the gravity of the injury and the necessity for constant 
supervision. In the worst cases the cornea is dull or opaque. 
In the succeeding days an eschar forms and is thrown off. 
This is followed by granulation of the injured conjunctiva 
and frequently by ulceration of the cornea. The corneal 
condition must be treated like a corneal ulcer (vide p. 204). 
In bad lime bums, &c., the whole cornea may be destroyed; 
perforation takes place, and the eye shrinks. In less severe 
cases a dense leucoma forms, porcelain-like in lime burns, 
and sight is lost. The chief danger derived from the con¬ 
dition of the conjunctiva is that of adhesion of the lid 
to the glofefe. It is most likely to occur with the lower 
lid, the caustic acting principally upon the lower fomix, 
which is obliterated by organisation of the granulation 
tissue. The symblepharon thus produce^ impedes the move¬ 
ments of the globe and may even interfere with its nutrition. 
Every precaution must be adopted to prevent its occurrence. 

Treatment. In the earliest stages of injury by caustics the 
excess of, deleterious material must be removed. Acids may 
be neutralised by dilute alkalies (lotio sodii bicarbonatis, 3 per 
cent.) and alkalies by weak acids (lotio acidi borici) or milk. 
Particles of lime must be perseveringly picked out with 
forceps, after previous application of pantocain: irrigation with 
10 per cent, solution of neutral ammonium tartrate is painful 
but undoubtedly diminishes scarring in lime bums. A few 
drops of ol. ricini or parolein may be instilled. 

To prevent symblepharon a glass rod is well coated with 
vaseline or boric acid ointment, or if the cornea is involved 
atropine ointment, and the point is swept round the upper and 
lower fomices, so that they are well packed with ointment. 
In Bevere cases cold compresses should be applied, and the 
patient put to bed. In the succeeding days, if symblepharon 
still threatens, the treatment with ointment and the glass rod 
is repeated once or more times daily according to the severity 
of the case. 

Recently good results have been obtained by excising all 
damaged bulbar conjunctiva up to the limbus and down to 
the sclera. If the raw area thus left is small and there is 
enough conjunctiva available it may be covered by a con¬ 
junctival flap, but if it is large a graft of buccal mucous 
membrane is taken from inside the lower lip (or amnioplastin) 
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and sutured in position. Parolein is instilled, and the closed 
lids covered by a layer of tulle gras, a pad wrung out in saline 
and a crepe bandage. 

A contact glass coated with sterile vaseline inserted over the 
cornea and conjunctiva assists in preventing symblepharon. 
If symblepharon occurs it must be suitably treated (vide p. 637), 
but prevention in this case is easier than cure. If the actual 
fornix is denuded of epithelium it may be impossible to prevent 
symblepharon. 

Contusions by Blunt Instruments 

Injuries by blunt instruments vary in severity from a simple 
comeal abrasion to rupture of the globe. There is no part of 
the eye which may not be so injured by contusion* as seriously 
to diminish vision. Moreover, in some cases the changes are 
progressive, so that in all eases a very guarded prognosis should 
he given. The various conditions which may follow contusion 
will be briefly enumerated. 

Cornea. A simple abrasion , may be caused. It is recognised 
by distortion of the corneal reflex and by the use of fluorescein 
(vide p. 87). There is much pain, like that due to the presence 
of a foreign body, increased on moving the lids, much laeryma- 
tion and reflex blepharospasm. It may become infected and 
give rise to a corneal ulcer, especially if a mucocele is present 
(vide p. 653). In the simple cases the use of a lotion, e.g ., boric 
acid, boric ointment to prevent the lids from sticking together, 
and a pad and bandage for a few days suffices (cf. p. 434). 
Ulceration must be treated suitably (vide p. 204). 

Recurrent Erosion (Syn.—Recurrent Traumatic Keratalgia) is 
parEte'fllarly liable'to occur alter scratcKes with babies’ finger¬ 
nails. The abrasion, however produced, usually heals quickly, 
but is followed some days, weeks, or even months later, by acute 
pain and lacrymation, generally on first opening the eyes in the 
morning. If the cornea is then stained with fluorescein an abra¬ 
sion win be found, usually at the original site, but sometimes 
elsewhere, or there may be a vesicle or group of vesicles. The 
attack rapidly passes off with appropriate treatment, but often 
recurs again and again. There is no doubt that in these cases the 
epithelium is abnormally loosely attached to Bowman’s mem¬ 
brane, and is liable to be torn off by the lid on waking. Such 
looseness of epithelium and formation of vesicles is characteristic 
of lesions of the fifth nerve (vide pp. 227, 229), and it is probable 
that recurrent erosion is due to this cause, though the actual 
rationale is unknown. Early attacks should be treated in the 
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same manner as a simple abrasion, boric ointment being plentifully 
applied at night. Instillation of 1 per cent, pantocaio relieves the 
pain and seems to have a good effect on the epithelium. If the 
attacks are repeated the spots should be curetted and touched with 
strong alcoholic solution of iodine (vide p. 230) or pure carbolic 
acid (vide p. 218) : mild application of X-rays has been found 
beneficial (G reeves) (vide p. 234). 

JQggjg <i Pjpacj^ may be found, usually in the form of delicate 
grey striae interlacing in different directions. They are due to 
accumulation of lymph in the interlamellar spaces, occa¬ 
sionally to wrinkling of Descemet’s membrane (vide p. 248). 
They generally clear up without leaving a permanent opacity. 

Examination with the slit-lamp has shown that all contu¬ 
sions of the, eyeball are followed by the deposition of fine 
granules of uveal pigment on the posterior surface of the 
cornea. There may be ruptures in Descemet’s membrane; 
owing to its elasticity the edges are rolled over. 

Bloo d-staining of the cornea occasionally results from contusion 
wfncKlias caused haemorrhage into the anterior chamber. Prob¬ 
ably in all the cases the tension of the eye is raised in the early 
stages. The whole cornea is at first stained, the colour varying 
according to the duration of the condition. It may be reddish- 
brown, or greenish. In the latter case the condition nearly 
simulates dislocation of the clear lens into the anterior chamber 
(vide p. 441). The cornea gradually and very slowly clears from 
the periphery towards the centre, the whole process taking two 
years or more. Microscopically there are myriads of minute, 
highly refracting rods packed in the lamellae of the substantia 
propria, and sometimes round granules of pigment in the corneal 
corpuscles. These are derivatives of haemoglobin, which may or 
may not contain iron. They are probably removed by the 
phagocytic action of leucocytes—a slow process. In the absence 
of other cause of defective vision sight may eventually be com¬ 
pletely restored. 

Rupture of the cornea is very rare. Descemet’s membrane 
may oF'fuptured’STorie. In complete rupture an attempt may 
be made to save the eye by suturing the cornea with a special 
needle (Fig. 271). 

Sclerotic. Rupture of the globe is generally due to it being 
suddenly and 'Violently forced against the orbital walls. It 
is often due to falls upon some projecting object, such as a knob 
or a key in a door, and has been frequently caused in country 
districts by a blow from a cow’s horn. The force is usually 
applied from the direction down and out, where the eyeball is 



INJURIES TO THE EYE 439 

least protected by the orbital margin ; the eye is forced into 
contact with the pulley of the superior oblique muscle. The 
sclerotic gives way up and in at its weakest part, viz!, in the 
neighbourhood of the canal of Schlemm. The wound is oblique, 
being farther forwards internally than externally, where it 
appears more or less concentric with the corneal margin and 
about 3 mm. behind it. The conjunctiva is often intact, but 
there are always severe injuries to other parts of the eye. The 
iris is generally prolapsed or tom away (iridodialysis) or 
retroflexed {vide p. 440). The lens may be expelled from the 
eye or escape under the conjunctiva (subconjunctival disloca¬ 
tion of the lens) or be forced back into the vitreous, making 
the anterior chamber deep. The anterior chamber contains 
blood (hyphsema), and there may be haemorrhage into the 
vitreous. Detachment of the retina may occur, with or with¬ 
out subretinal or subehoroidal haemorrhage. The eye usually 
slirinks and is lost. 

Treatment. The eye must be carefully examined with lid 
retractors, under an anaesthetic if necessary. In severe cases 
nothing remains but to excise the collapsed globe. In less 
severe cases, without extrusion of the contents of the globe, 
atropine may be instilled, cold compresses applied, and the 
patient kept in bed. Sometimes good results follow suture 
of the rupture. If the rupture involves the periphery of the 
cornea the iris alone may be prolapsed. It is then a. good plan 
to insert the sutures in the sclerotic without tying them, before 
excising the prolapse ; they are then tied. 

In subconjunctiv.il dislocation of the lens it would seem a 
natural procedure to open the conjunctiva and let out the lens. 
This is, however, contraindicated in the early stage. It must 
be remembered that there is an opening directly into the 
vitreous, and that such a procedure will almost inevitably 
involve escape of vitreous, and possibly panophthalmitis. 
Atropine should be instilled and cold compresses applied. The 
lens will gradually become absorbed, but no harm will accrue 
if the remnants are removed after the scleral rupture has 
healed. 

Iris. Most injuries to the iris caused by contusion are due 
to sudden incurving of the cornea, whereby the aqueous is 
forced back against the iris and lens. 

Traumatic mydriasis may follow a contusion. The pupil 
is large and immobile, and usually remains moderately dilated 
permanently. It is due probably to paralysis of the motor 
nerve fibres, which may be stretched, or tom in their passage 
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through the ciliary body. There are minute ruptures in the 
pupillary margin, but these do not account for the immobility. 
There is usually also paralysis of accommodation. Trauryiatic 
n%iosi& is rarer, and results from less severe injuries; if usually 
passes off. Radiating lacerations of the iris, sometimes extending 
to the ciliary*margin, are rare (Fig. 226). Iridodialysis is com¬ 
moner (Fig. 227). The iris is tom away from its ciliary 
attachment for a variable distance. On inspection a black 
biconvex area is seen at the periphery, and the pupillary edge 
bulges slightly inwards. With the ophthalmoscopic mirror 
a reflex can be obtained through the peripheral gap, and the 
fibres of suspensory ligament and edge of the lens maybe visible. 
Uniocular diplopia may be produced by this injury. In 



Fro. 226. — Lacera¬ 
tions of the pupil¬ 
lary margin of the 
iris and dislocation 
of the lens, follow¬ 
ing a blow. (From 
a drawing by 
Holmes Spicer.) 



Fig. 227.—Iridodialysis fol¬ 
lowing a blow. (After 
Nettleship.) 


extensive iridodialysis the detached portion of the iris may be 
completely rotated, so that the pigmented back of the iris 
faces forwards {anteflexion of the iris). The iris never becomes 
re-attached, but lridodialysis, apart from other injury, rarely 
causes serious results. In traumatic aniridia or inderemia the 
iris is completely torn away from its ciliary attachment, con¬ 
tracts into a minute ball, and sinks to the bottom of the 
anterior chamber, where it may be impossible to see it. Rarely 
the same appearance is caused by total inversion or retroflexion 
of the iris, the whole iris being doubled back into the ciliary 
region out of sight. More commonly inversion is partial, so 
that the appearance of a coloboma {q.v.) is obtained, but the 
fibres of the suspensory ligament cannot be seen. In all these 
cases there is usually hyphsema ; and other injuries, such as 
partial dislocation of the lens and so on, may be present. 
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The treatment consists in rest and the application of cold 
compresses. Atropine should be instilled in iridodialysis, but 
not in ruptures of the iris. If there is also subluxation of the 
lens neither mydriatic nor miotic should be used. 

Ciliary Body. Contusions may cause diminution in the 
amplitude or loss of accommodation owing to paralysis of the 
ciliary muscle. The ciliary body may be involved in rupture 
of the globe (rupture, prolapse, &c.), and plastic cyclitis may 
be induced. Hypotony or low intraocular pressure may fol¬ 
low a blow, probably through interference with the functions 
of the ciliary body. It may persist for a long time, and be 
followed by degenerative changes in the lens, and shrinking of 
the globe. 

Lens. Subconjunctival dislocation of the lens t has already 
been described. The same mechanism which produces the 
various injuries of the iris may cause the lens to be forced back 
into the vitreous. The suspensory ligament is then ruptured. 
The rupture may be complete or partial. When complete the 
lens may sink to the bottom of the vitreous chamber, where it 
may be visible as a yellowish mass; occasionally it remains 
clear and cannot be seen. Partial rupture of the suspensory 
ligament occurs with subluxation of the lens, which may be 
displaced laterally with or without some degree of rotation. 
This leads to irregularity in the depth of the anterior chamber, 
which is deeper in the part unsupported by the lens. With the 
pupil dilated the edge of the lens may be seen, as a grey convex 
line by oblique illumination, but more readily and unmistakably 
as a black line with the ophthalmoscopic mirror {vide p. 110). 
The want of support to the iris causes tremulousness (iri- 
dodonesis) on the slightest movement of the eye, a tremulous¬ 
ness which is limited to the unsupported part. 

Blows upon the eye less directly from before backwards occa¬ 
sionally cause dislocation of the lens into the anterior chamber. 
It rarely occurs with a lens of normal size, but not infre¬ 
quently by quite trivial injury when the lens is shrunken. 
The clear lens in the anterior chamber is not always easily 
recognised, but it does not long remain clear, and diagnosis is 
then easy. It is more globular than normal owing to its free¬ 
dom from the restraint of the suspensory ligament. When 
still clear it looks like a globule of oil in the anterior chamber. 
With oblique illumination it has a golden rim, due to total 
reflection of the light; this is the exact opposite of the total 
reflection when the edge of the lens is seen with the mirror, 
the light being then totally reflected away from the observer’s 
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eye. The lens in the anterior chamber causes spasm of the 
sphincter iridis, which may occur at the moment when it is 
passing through the pupil. Intense iridocyclitis or secondary 
glaucoma is then set up. In most cases of dislocation forwards 
the lens is shrunken, and the suspensory ligament has become 
partially absorbed; dislocation into the anterior chamber 
may occur in these cases spontaneously, without any contusion. 
Unless the lens is very small, extreme irritation is set up by its 
presence in the anterior chamber, and the eye is lost if it is 
allowed to remain there. 

Dislocation of the lens always causes considerable disturbance 
of vision. In partial rupture of the suspensory ligament there 
is astigmatism which is much increased by tilting of the lens. 
The slackening of the suspensory ligament causes increased 
curvature and myopia, which may be more than compensated 
by backward displacement. In total dislocation into the 
vitreous the effect is that of the old cataract operation of couch¬ 
ing ; the pupillary area is aphakic, the refraction is highly 
hypermetropic, requiring cataract glasses for its correction. 
Vision usually deteriorates gradually. 

If the lens is displaced so much laterally that the edge 
crosses the pupil uniocular diplopia is present. Through the 
aphakic area of the pupil the eye is highly hypermetropic, 
through the phakic portion it may be myopic, in addition to 
which the periphery of the lens acts as a prism. Ophthalmo¬ 
scopic examination under these conditions shows two images of 
the disc by the indirect method, differing considerably in size. 
By the direct method the fundus may be observed through the 
phakic or through the aphakic portion of the pupil, different 
lenses being required to correct the refraction in the two cases. 

Subluxation of the lens may occur as a congenital condition 
(ectopia lentis) (vide p. 329). 

Besides the immediate consequences of dislocation of the 
lens, very serious remote effects may follow. In subluxation 
the lens is very liable to become opaque, owing to malnutrition. 
The pressure of the edge of the lens on the back of the iris and 
on the ciliary body often sets up severe iridocyclitis, which 
may lead to the loss of the eye, and even endanger the other by 
sympathetic ophthalmia (q.v.). Secondary glaucoma is a very 
frequent sequel (vide p. 282). 

Treatment. In dislocation forwards or subluxation miotics 
must be avoided, since the contraction of the iris behind the 
lens may actually induce secondary glaucoma. In the absence 
of irritation vision may be improved in total luxation into 
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the vitreous and in subluxation by suitable glasses. In the 
latter case it is usually impossible to correct the astigmatism, 
but sometimes the aphakic part of the pupil can be used. 
If iridocyclitis or secondary glaucoma is present the lens 
should be extracted if it is possible. It is imperative when 
the lens is in the anterior chamber. Jn all cases it is unusually 
difficult. There is always a considerable rupture of the 
suspensory ligament, so that vitreous presents as soon as 
the corneo-scleral section is completed, and the delivery of 
the lens has usually to be effected with the scoop, some 
vitreous being lost (vide p. 496). If extraction is impossible 
an iridectomy or trephining may improve matters, but more 
usually fails. If the eye is blind and painful it should be 
excised. For the treatment of subconjunctival dislocation see 
p. 439. 

Besides dislocation of the lens, concussion cataract occa¬ 
sionally follows a contusion. In most of these cases the capsule 
is ruptured, though the site of rupture, usually behind the 
equator, cannot be seen clinically. The lens gradually becomes 
opaque, a rosette-shaped opacity being usually first formed in 
the posterior cortex (Koby, Fig. 233). Rarely the cataract 
remains in this condition, but much more commonly it spreads 
throughout the cortex imtil the appearance of a mature 
cataract is found. More or less absorption takes place, but it 
may be permanently incomplete. The condition should be 
treated in the same manner as traumatic cataract. 

In some cases a circular ring or disc of faint or stippled opacity 
is seen on the anterior surface of the lens (Vossius’ ring). It 
usually has about the same diameter as 4he pupil, and has been 
attributed to the impress of the iris on the lens, produced by the 
force of the blow driving the cornea and iris backwards. This 
view is supported by the not infrequent presence of iris pigment 
on the lens capsule, but is opposed by the variation in the size of 
the disc and the occasional presence of a second concentric ring. 
The slit-lamp shows that the opacity is due to multitudes of 
brown amorphous granules lying on the capsule. It may form in 
the absence of hyphsema. Minute discrete subcapsular opacities 
may be seen after resorption of the pigment, which takes place 
very gradually. 

Concussion cataract may also be caused by lightning and high 
tension electric discharges. It is possible that electrolytic changes 
play some part in these cataracts. 

Vitreous. Haemorrhage into the vitreous is the commonest 
effect produced in it by contusion. The vitreous chamber may 
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he filled with blood. In this case no reflex will be obtained 
with the ophthalmoscopic mirror. With oblique illumination 
a dull red hue may be seen, especially if the pupil is dilated. 
The blood may become almost completely absorbed, but 
cloudy opacities remain. In rare cases “ retinitis ” proliferans 
follows from organisation of the clot (vide p. 363). 

Liquefaction of the vitreous and opacities in it may follow 
a blow owing to uveitis and defective nutrition, and without 
haemorrhage. 

Choroid. Rupture of the choroid occurs as the result of 
severe contusion. It has also been caused by a bullet passing 
through the orbit behind the eye. Immediately after the 
injury the view is obscured by extravasation of blood. When 
it has become absorbed the rupture, usually not far from the 
disc and concentric with it, is seen as a curved white streak 
over which the retinal vessels pass (Plate IX., Fig. 2). The 
retina may also be ruptured, but this is exceptional. The 
edges of the streak are pigmented in the later stages ; in the 
earlier, remnants of blood may be seen. The white appear¬ 
ance is due to the sclerotic shining through. The rupture is 
generally to the outer side of the disc, and there are often 
two or three of different sizes, more or less concentric with 
each other. If the choroid is ruptured near the macula loss 
of central vision results. If the retina is ruptured also or 
becomes atrophied throughout its thickness, including the 
nerve-fibre layer, a large sector-shaped scotoma is produced. 
Simple ruptures of the choroid in which the macula is not 
involved cause little impairment of vision. The treatment 
consists of rest in bed until all extravasated blood is absorbed ; 
atropine and dark glasses, and abstinence from reading, &c. 

A. contusion may cause choroidal haemorrhage, which may 
be small, shown later by patches of choroido-retinal atrophy, 
or large, subretinal or subchoroidal. The latter can seldom be 
seen ophthalmoscopically, but are part of more extensive 
mischief. 

Retina. It has already been pointed out that detachment of 
the retina (q.v.) is often due to contusion. Rupture of the 
retina with rupture of the choroid is rare in civil life, but was a 
common result of explosions during the War. HcBmorrkages 
into the retina occur; they are usually small, but large haemor¬ 
rhages into the vitreous (vide supra) are in part derived from 
retinal vessels. 

Commotio retince is a frequent result of blows upon the eye. 
Instead of the normal bright red colour the retina shows a milk- 
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white cloudiness, usually near the papilla and posterior pole, 
and over a considerable area. It is probably due to oedema. 
It disappears after some days, and vision is usually restored 
to normal. In other cases, though vision may be good at first, 
central vision gradually diminishes, associated with develop¬ 
ment of pigmentary deposits at the macula ( vide infra). Hence 
prognosis should be guarded in all cases of serious blows upon 
the eye. 

Serious changes are apt to occur at the macula, and are 
easily overlooked immediately after the accident, or it may 
be impossible to obtain a good view. A “ hole ” may occur 
at the macula. It appears as a small circular or oval deep 
red patch, just as if a hole had been punched out. It is 
caused by cystic degeneration following oedema due to com¬ 
motio retinae, and in course of time a complete perforation 
of the retina develops. Similar* ophthalmoscopic signs and 
pathological changes have been observed occasionally after 
iridocyclitis, and associated with arteriosclerosis, renal retinitis, 
and amaurotic family idiocy (vide p. 356). In other cases 
the macula looks deeper in colour than normal, and in the 
course of time it becomes pigmented. The spots of pigment are 
very fine, mostly aggregated Dear the fovea, with a few farther 
afield. This pigmentation is the sign of serious defect in central 
vision, which has a tendency to increase progressively. 

Optic Nerve. The optic nerve rs not infrequently injured 
in fractures of the base of the skull (vide p. 404). Injuries by 
sticks or knives, &c., penetrating the orbit are rare. Avulsion 
of the optic nerve is very rare in civil practice, but occurs in 
gunshot wounds of the orbit (vide p. 671). 

Perforating Injuries 

Perforating injuries may be caused by sharp instruments or 
by foreign bodies. 

A wound with a sharp instrument may penetrate the cornea, 
the comeo-scleral junction or the sclerotic ; it may pass in 
for a variable distance, wounding the iris, lens, &e., or pass 
through the eye. 

Wounds of the Conjunctiva are common. They heal readily, 
but the process may be hastened, and the resulting adhesion 
to the sclerotic lessened by introducing one or more sutures. 
Polypoid masses of granulation tissue sometimes form on the 
surface; they should be snipped off with scissors after applica¬ 
tion of pantocain. 

Wounds of the Cornea may be linear or lacerated. The 
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margins swell up and become cloudy through imbibition of 
fluid. This facilitates closure of the wound and restoration 
of the anterior chamber. If small and limited to the centre 
they heal well unless they become infected. The eye is 
irrigated with boric lotion or sterile saline, atropine instilled, 
penicillin ointment inserted, and a pad and bandage applied. 
A permanent dense opacity is left, and the contraction of the 
organising scar tissue causes irregular astigmatism. If the 
wound becomes infected it must be treated like a perforating 
ulcer. 

The danger is greatly increased (1) if the wound is large, 
especially if it extends into the sclerotic, or (2) if the lens is 
also wounded. In the former case prolapse of the iris is 
almost certain to occur. The prolapsed iris should never be 

replaced, even if this is possible, since 
it may carry infection into the eye. It 
must be excised (vide p. 212), care being 
taken that the iris is quite free, though 
this is a counsel of perfection not always 
to be attained. Freeing of the iris is 
specially difficult with quasi-tangential 
wounds (vide Fig. 234 to the right). In 
such cases it is a good plan, if there is 
an anterior chamber, first to make a 
small keratome incision in the cornea 
on the opposite side to the wound, 
3 mm. inside the limbus (Fig. 228). 
After the prolapse has been excised in 
the usual manner a repositor can be 
passed through this incision and swept 
over the surface of the iris (Goulden). 
This device is useful for freeing the 
iris from punctured wounds near the 
Fia. 22 s. limbus, in which incarceration occurs, 

but is so small as to make excision 
through the original wound impossible. In some cases it 
is advisable to cover the wound with a conjunctival flap 
(vide p. 211). Atropine should always be instilled (nevar 
eserine). 

If in a few days it is found that there is an anterior synechia, 
this should usually be divided as soon as the wound is suffi¬ 
ciently healed to permit of the necessary procedures without 
re-opening it. If this is not done the traction on the iris will 
keep up irritation in the eye, as shown by ciliary injection, &c., 
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and such eyes are liable to cause sympathetic ophthalmia. 
Moreover, a broad anterior synechia tends to bring about 
secondary glaucoma, or predispose to secondary infection and 
panophthalmitis. 

Wound of the lens very greatly increases the gravity of the 
case, especially in children. It may escape notice at first, 
especially if the wound is small, e.g., that caused by a needle 
or thorn. The lens swells and keeps the iris in contact with 
the cornea, so that re-formation of the anterior chamber is 
much delayed. If at length it re-forms the aqueous becomes 
filled with swollen lens fibres, which also irritate the iris. 
The swelling is greater and more rapid the younger the patient. 
Infection, which is one of the greatest dangers of all perforat- 
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ing wounds, is particularly likely to occur in these cases. The 
excision of any prolapsed iris in such a manner as to free it 
completely from the wound is extremely difficult. The subse¬ 
quent prolonged contact of the iris with the cornea facilitates 
the formation of broad adhesions of iris and often also of lens 
capsule which it may be found impossible to divide, or which, 
if divided, quickly re-form. Ciliary injection is kept up, and 
sympathetic ophthalmia is very liable to supervene if the eye 
is retained too long. 

Occasionally in perforating wounds with a dirty implement 
pyogenic organisms are carried into the eye, multiply there 
and cause rapid necrosis of the whole cornea. In these cases 
a ring of deep infiltration appears in the cornea 2 or 3 mm. 
internal to and concentric with the corneo-scleral margin— 
so-called ring abscess. There is much chemosis of the con¬ 
junctiva and a greenish discharge. The organism has gener- 
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ally been found to be the bacillus pyocyaneus. Usually panoph¬ 
thalmitis is set up and the whole of the central part of the 
cornea is cast off. The only chance of saving such an eye is to 
do a paracentesis directly the infiltration is observed and to 
wash out the anterior chamber with pure penicillin solution 
(1,000 units per e.o.). This should be reinforced by subcon¬ 
junctival injection of penicillin (vide p. 696). 

Wounds of the corneo-sclera are particularly liable to set 
up sympathetic ophthalmia (q.v.). In them the ciliary body 
is injured directly, and may be prolapsed. There is the usual 
danger of infection, and if it occurs panophthalmitis is certain 
to follow on account of the ready communication with the 
vitreous. If this does not happen ciliary irritation is kept up. 
If suppuration occurs there is little hope of saving a useful eye, 
but there is little or no danger of sympathetic ophthalmitis. 



Fig. 230. Fig. 231. 

If the lens is wounded the chances of saving the eye are greatly 
diminished. 

Treatment. An attempt should be made to save the eye. 
Under regional anaesthesia and akinesia (vide p. 472). the 
wound should be freely exposed as in Fig. 229. The edges of 
the scleral wound are earbolised and sutures inserted by an 
eyeless corneoscleral needle (Fig. 229). The sutures are 
looped ready to tie. Any prolapsed iris and ciliary body is 
drawn out of the wound and abscised and the scleral sutures 
are tied immediately so as to minimise loss of vitreous. 
Finally, the wound is covered with conjunctiva. Atropine 
and penicillin are instilled, the eye bandaged lightly, and 
the patient put to bed. Wounds involving the sclera on both 
sides (Fig. 230) are specially difficult to deal with. Before 
excision of the prolapse the conjunctiva is freed at the limbus 
(Fig. 231) and afterwards drawn over the wound by stitches 
inserted as in Fig. 232. Such a flap supports the cornea and 
helps to bring the edges of the wound in apposition, at the 
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same time assisting to protect the eye from intraocular 
infection. 

If the eye does not quiet down in the course of a week or 
ten days, as shown by diminution of ciliary injection and 
cessation of photophobia and lacrymation, it should be excised. 
In the interval the cornea is examined most carefully each 
day by oblique illumination with the loupe for precipitates 
(“ k.p.”). If they are seen the eye should be excised. Similar 
care is devoted to the discovery of spots of “ k.p.” in the other 
eye, and if they should be found there excision of the injured 
eye is still more imperative at the earliest possible moment. 
If the eye quiets down quickly and there is no evidence of 
iridocyclitis in either eye the case will probably do well, but 
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it should be kept under observation for a prolonged period 
(vide p. 464). 

If there is much prolapse of vitreous as well as of iris and 
ciliary body, or if the lens is wounded, there is little probability 
of saving the eye. If it is almost certain that useful vision will 
be lost the risks of sympathetic should not be run, but the eye 
should be promptly excised. 

Wounds of the sclerotic are not always easily recognised. 
The eye may have been wounded through the lid. The 
bruising and laceration of the lid may make examination of 
the eye difficult. The lid should be raised from the globe and 
drawn back with a Desmarres’ retractor, under local anaesthe¬ 
sia. Even when the eye is examined the effusion of blood 
under the conjunctiva may render the diagnosis uncertain, 
still more the question of perforation. When perforation has 

DIB. OF RYE. 16 
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occurred, there is reduction in the intraocular tension. If the 
perforation is near the cornea, the anterior chamber is shallow 
or obliterated. If the wound is large, prolapse of some of the 
contents of the globe occurs. The uvea—iris, ciliary body, or 
choroid—are most easily recognised on account of their 
pigmentation. Very often the gelatinous vitreous can be 
seen hanging out of the wound. Hyphsema and vitreous 
haemorrhage may be present with or without perforation. 

Treatment. If the injury is so severe that there is no likeli¬ 
hood of recovery of useful visipn, the eye should be excised. 
If there is a chance of useful vision, or if permission to excise 
is withheld, the sclerotic may be sutured and the sutures tied 
after excision of prolapsed vitreous, &c. Very small wounds 
do not require suturing, but the conjunctiva should be cleansed 

and stitched over them. Atro¬ 
pine and penicillin should be 
instilled, and both eyes ban¬ 
daged. Complete rest in bed is 
imperative. Such eyes usually 
shrink, unless indeed panoph¬ 
thalmitis ensues. 

Wounds of the lens cause 
traumatic cataract. Usually the 
anterior capsule is wounded; 
when the posterior capsule is 
torn, the lymph in the vitreous 
acts in the same manner as the 
aqueous. A few hours after 
the injury the lens becomes 
cloudy in the vicinity of the wound owing to the action of the 
aqueous upon the fibres, causing them to swell. In most cases 
opacities rapidly form in the posterior cortex, irrespective of 
the exact site of the wound. They are at first feathery lines, 
which follow the natural distribution of the lens fibres. Later a 
rosette-like opacity is formed which gradually spreads until the 
whole cortex is opaque. (Fig. 233). Flocculent grey masses 
protrude through the opening in the capsule, some of which 
become free and sink to the bottom of the anterior chamber. 
Sometimes the whole chamber is full of white flocculi, and the 
lens nucleus may escape entire. The masses are gradually dis¬ 
solved by the aqueous, and pass out with it through the angle of 
the chamber. In this manner, in young patients, the whole lens, 
with the exception of the capsule, may be absorbed. Usually 
absorption ceases earlier through closure of the capsular wound. 



Fio. 233.—Traumatic posterior 
cortical cataract. (Koby.) 
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The enclosed lens fibres become opaque, and discission is 
necessary to cause their complete absorption ; in adults, with 
a hard nucleus, extraction may be necessary [vide p. 490). The 
smaller the wound in the capsule, the sooner it is likely to close. 
In rare cases, with very small, though it may be deep, wounds, 
the opacity may remain limited to the site of injury, especially 
if the wound is quickly sealed up by a posterior synechia. 

A certain amount of inflammatory reaction with ciliary 
injection is always set up, which may be excessive, even in the 
absence of infection. It will then be found that the intra¬ 
ocular tension is raised. The swelling of the lens forces the 
periphery of the iris against the cornea and secondary glaucoma 
supervenes. This tendency is increased by the difficulty with 
which the highly albuminous aqueous escapes frojn the eye, 
especially if the wound in the capsule is large and much of the 
lens substance has escaped into the anterior chamber. If the 
secondary glaucoma is not relieved, the sight will be lost by 
destruction of the optic nerve. The aqueous and swollen lens 
substance must therefore be let out by a curette evacuation 
[vide p. 488). 

Traumatic cataract is deliberately induced in the operation 
of discission. 

In the absence of secondary glaucoma, the condition is 
treated by rest in bed, atropine, and a bandage. It is of the 
utmost importance that the pupil should be kept well dilated. 
If it is not, adhesions will form between the iris and the lens 
capsule. The tendency to iritis is increased, a ring synechia 
may form, leading to a more serious form of secondary glau¬ 
coma, and in any case a subsequent needling will be made more 
difficult and dangerous. Sterile atropine ointment, 1 per cent., 
should be used three or four times daily. If the pupil does not 
dilate satisfactorily, hot bathings should be given every four 
hours, mydricain (vide p. 694) injected subconjunctivally, and 
medical diathermy applied once or twice a day : in the case 
of adults leeches are sometimes useful. It is usually necessary 
to needle the lens capsule in order to obtain an opening 
through which vision is made possible, and needling may have 
to be repeated [cf. Lamellar Cataract). 

Perforating wounds with retention of foreign bodies have 
special features and dangers. Eyes containing foreign bodies 
are particularly liable to set up sympathetic ophthalmia. In 
cases of perforating wound, the question often arises whether 
a foreign body has been retained within the eye. The foreign 
bodies most likely to penetrate the eye and be retained are 

18 —a 
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minute chips of steel, stone, and particles of glass, lead pellets, 
copper percussion caps, less frequently spicules of wood. In 
chipping stone with an iron chisel, it is usually a chip of the 
chisel and not of the stone which enters the eye. Among war 
injuries penetration of the eye by fragments of the casing of 
rifle bullets, often containing nickel, of shells, &c., frequently 
occurs. 

The size and velocity of the missile are of importance. If the 
foreign body is large so much damage is usually caused that 
the eye has to be removed. Very minute particles can, 
however, penetrate the cornea or sclerotic and lodge in the 
deeper parts of the eye. The velocity of these small particles 
must be very high, for the energy needed to penetrate the 
walls of the globe is considerable, and the relationship of 
energy to mass and velocity is given by the formula E = 
\ m v 2 . This is a point of more than academic interest. It has 
been shown that rifle bullets are sterilised by their rapid 
transit through the air. This fact may account to some 
extent for the sterility of minute intraocular foreign bodies, 
though not entirely ; for they are not always sterile, and 
when they are it is often more probably due to being hot when 
emitted,. Their irregularity of shape would render them less 
easily sterilised. Oceteris paribus , metallic foreign bodies 
appear to be more commonly sterile than those made of other 
substances. 

The nature of the foreign body is very various and affects 
the diagnosis, pathological condition, treatment, and prog¬ 
nosis profoundly. As regards diagnosis, it is only rarely that 
we can see the foreign body in the eye or have indubitable 
, proof of retention. In the absence of irrefragable evidence 
our surest test is skiagraphy, but this method has severe 
limitations. Relatively few substances are opaque to X-rays. 
Fortunately, by far the greatest number of intraocular foreign 
bodies are composed of iron or steel, which give a good 
shadow. The same applies to lead and metallic fragments 
from the casing of rifle bullets. Particles of glass often fail 
to reveal their presence in the skiagram, except heavy 
lead glass, of which some bottles are made. Very accurate 
localisation is necessary. Various methods are in use; 
Mackenzie Davidson’s method is usually employed in England, 
Sweet’s method, dependent upon the same principle, in 
America. When it is remembered that accuracy of localisa¬ 
tion of the order of 1 mm. is essential and that inaccuracy of 
this amount may lead to the needless sacrifice of an eye, it 
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will be recognised, how culpable is any carelessness in this 
respect. 

The influence of the nature of the foreign body on the 
pathological condition set up in the eye is profound and varied. 
Thus, it was shown by Leber many years ago that copper 
causes suppuration even in the absence of pyogenic organisms, 
leucocytosis being set up by chemical action. Clinically, 
however, this result may certainly be delayed for a very 
considerable period, possibly owing to the copper—usually a 
fragment of a percussion cap—being surrounded by a wall of 
inflammatory material and encysted. 

Copper in the lens may cause little reaction. This is 
further evidence in favour of the usual reaction being chemical, 
for such changes are very slow in the lens. Another fact 
supporting this explanation is that even in severe suppuration 
induced by copper within the eye the inflammation tends 
to cause shrinkage of the globe and not perforation. Not 
infrequently, however, the reaction is so severe as to cause 
expulsion'of the foreign body from the eye. The pus forma¬ 
tion retrogrades after a time and is not progressive. Only 
very rarely does a copper particle become encapsuled, with 
restoration of useful vision. Sympathetic ophthalmia is less 
likely to follow copper foreign bodies than others, probably 
owing to the intense reaction (Leber). 

Iron is also dissolved by the tissue fluids and sets up the 
condition known as siderosis bulbi. The earliest clinical 
manifestation is the deposit of iron in the anterior capsular 
cells of the lens. These are not affected uniformly, but oval 
patches of the rusty deposit are arranged radially in a ring 
corresponding with the edge of the dilated pupil. This 
appearance is pathognomonic. At later stages the iris becomes 
characteristically stained, first greenish and later reddish- 
brown. The vision of these eyes, however little affected by 
the primary injury, gradually fails owing to degenerative 
changes in the retina and lens. 

Siderosis bulbi (Bunge) has been exhaustively investigated. 
In a typical case brown granules are found in the corneal cor¬ 
puscles, in the meshes of the ligamentufn pectinatum iridis, on 
the inner surface of the ciliary body, and in the retina,. The 
anterior layers of the iris are impregnated, and in addition to 
subcapsular deposits in the lens, the fibres are also stained. The 
retina shows complete degeneration, and Peris* micro-chemical 
reaction shows the whole retinal vascular system marked out by 
blue coloration. There is always intense blue coloration imme- 
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diately around the foreign body. The pigment epithelium of the 
ciliary processes, pars ciliaris retinae, and retina, and sometimes 
the supporting tissues of the retina, show diffuse staining. The 
brown pigmented cells which give the blue reaction are found 

i jarticularly in the angle of the anterior chamber and in the retina, 
ess in the iris, and least in the choroid. They are not bleached 
by the ordinary methods for bleaching the normal pigment. 
Haemorrhage associated with the injury introduces a complication, 
for it causes haematogenous pigmentation giving the iron reaction 
and distinguished with difficulty from the xenogenous pigmenta¬ 
tion due to the foreign body. 

The chemistry of siderosis bulbi is not yet fully understood. 
E. von Hippel says that the iron is dissolved by the carbon dioxide 
of the tissues and is fixed by cells which have a specific affinity 
for the metal; it then becomes oxidised. It has also been 
suggested that the iron is dissolved by acid phosphates in the 
intraocular fluid, or that iron may enter into solution in organic 
form as an albuminate or in combination with an organic acid. 
The brown precipitate in the tissues is almost certainly produced 
by oxidation, but it is not a simple oxide or hydroxide, as it is only 
very slightly soluble in oxalic acid (McMullen). 

The. characteristic ring of brown spots under the lens capsule 
is caused by deposition of iron in circumscribed aggregations of 
newly proliferated capsular epithelial cells. Leber showed ex¬ 
perimentally that the introduction of a particle of iron into the 
vitreous causes extreme degeneration of the retina. Peculiar 
large granular cells are found which are derived for the most part 
from the retinal pigment epithelium. 

Metals, other than iron and copper—such as lead, zinc, 
gold, silver—appear to cause little chemical reaction and 
usually remain quiescent, becoming more or less thoroughly 
encapsuled according to their position. Lead becomes coated 
with the carbonate. 

Stone is chiefly dangerous from pyogenic infection, but 
chemical changes also occur, varying with the nature of the 
stone. 

Glass and porcelain may cause remarkably little reaction, 
but iridocyclitis and disorganisation of the eye usually occur 
eventually. 

With regard to wood, apart from infection, the most charac¬ 
teristic feature is the local irritation produced, resulting 
in the formation of dense granulation tissue, studded with 
so-called foreign body giant cells. 

Eyelashes may be carried into the anterior chamber in 
perforating wounds of the cornea, whether accidental or 
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operative; and caterpillar hairs may penetrate the globe 
(vide p. 188). 

More important numerically than the Chemical changes are 
those due to infection, and though these are not, strictly 
speaking, due to the nature of the foreign body, it is 
undoubtedly true that certain types of foreign body are more 
apt to give rise to suppuration than others. Much may be 
learnt in this connection from the analogy of hypopyon ulcer. 
The common hypopyon ulcer is due to pure or mixed infection 
with pneumococci, and it is notorious that it is more likely 
to be caused by fragments of stone, wounds with the leaves 
of plants or twigs of trees and so on, than by steel or other 
foreign bodies. Moreover, it admirably exemplifies the rdle 
played in such infections by the resistance of the tissues, 
for the patients are usually either old and debilitated or 
alcoholic. With regard to intraocular infections, it is to be 
borne in mind that the lens substance and the vitreous form 
excellent culture media, and further, that even saprophytic 
organisms, like bacillus subtilis, are capable of setting up a 
suppurative inflammation in the eye. Probably the com¬ 
monest pyogenic organism in the interior of the eye is, how¬ 
ever, the pneumococcus. 

The foreign body may pass through the cornea or the 
sclerotic. The wound of entry may be extremely minute. 
The patient may even be unaware that a foreign body has 
penetrated the eye. If it has passed through the cornea, 
the minute wound or scar can always be found by careful 
examination with oblique illumination and a loupe. It may 
escape detection in the sclerotic. 

The foreign body may be retained in the anterior chamber. 
Here it may fall to the bottom of the chamber, and if very 
small be hidden by the sclerotic. It is generally, however, 
caught in the iris, and can be recognised with a loupe. A 
piece of glass in the anterior chamber is exceptionally difficult 
to see, on account of its refractive index differing so little from 
that of the surrounding media. 

The foreign body may pass into or through the lens, either 
by way of the iris or of the pupil. In each case a traumatic 
cataract is produced, which undergoes the usual changes 
(vide p. 450). If the particle has passed through the iris there 
will be a hole in this structure. If the case is seen very early 
or very late, the hole looks black by oblique illumination, 
but shows a red reflex when illuminated by the ophthal¬ 
moscopic mirror. In the intermediate stage the cataractous 
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lens behind the hole prevents a red reflex from being seen. A 
hole in the iris is of great diagnostic significance, since it rarely 
occurs except as the result of perforation by a foreign body. 
The foreign body may be visible in the lens, either before or 
after dilatation of the pupil. It is possible for a foreign body 
to pass through the iris and through the circumlental space 
without, wounding the lens. 

Tbe foreign body may be retained in the vitrebus. Access 
to the vitreous by the foreign body may be given by various 
routes: through the cornea, pupil and-lens; through the 
cornea, iris and lens ; through the cornea, iris and zonule; 
or through the sclerotic. Hildebrand found these four- routes 
represented in forty-three cases by 6, 16, 6, and 15 respec¬ 
tively. The particle may pass quite through the globe into 
the orbit, remain near the site of entry, become imbedded in 
the opposite wall, rebound from it, or be suspended in the 
vitreous. In the latter case it eventually sinks to the bottom 
of the vitreous chamber owing to degenerative changes in 
the humour, which lead to liquefaction, partial or complete. 
Sometimes air is carried in and appears as bubbles in the 
vitreous ; these rapidly become absorbed. If the particle is 
small, the lens clear, and there has been little haemorrhage, the 
body may be seen ophthalmoscopically in the vitreous or 
retina. The track through the vitreous looks like a grey line. 
The foreign body, generally black, and often with a metallic 
lustre, is surrounded by white exudate and red blood-clot. If 
the particle has been long in situ it may become more or less 
encapsuled, a small white area of fibrous tissue being seen with 
dense masses of black pigment in and around it. Fine pig¬ 
mentary disturbance at the macula may follow, irrespective 
of actual injury to this region, and indeed merely as the result 
of concussion. More extensive degenerative processes also 
occur in the retina, which may become detached. Encapsula¬ 
tion is often rapid with iron, and useful vision may persist for 
an indefinite time. Particles more than 1—2 mm. in size are 
almost certain to lead to the destruction of the eye. In the 
absence of sepsis, siderosis bulbi is the almost inevitable cause 
of destruction. An encapsuled foreign body may become free 
after a long period of quiescence. The encapsulation of foreign 
bodies in the retina depends largely upon their asepsis. The 
amount of cicatricial tissue formed in the early stages is 
inversely proportional to the amount of necrosis, which depends' 
chiefly upon bacterial invasion, though mechanical injury and 
chemical action must also be taken into account. 
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Retinal degeneration attacks the macula or is generalised. 
In the former group yellowish-white spots appear in the region 
of the fovea, and pigmentation may also occur. Serious 
disturbance of vision results, and is not recovered from. 
Generalised retinal degeneration takes the form of pigmenta¬ 
tion, resembling that of retinitis pigmentosa, and may be 
preceded by night-blindness. 

, fhe, < prdm^||Js jalways bad. It is least bad if the foreign 
body is in me anterior chamber and the lens is not wounded. 
The eye rriay be saved if it is in the lens, especially in young 
people, whose lenses are capable of becoming completely 
absorbed. The prognosis is far better when the lens is not 
wounded, and this is still more markedly the case the younger 
the patient. With a small foreign body the wound of entry 
is so small that prolapse of iris rarely occurs, but if the lens 
is wounded, and more particularly if the patient is young, 
so that the swelling of the lens is excessive, the iris is pressed 
forwards against the cornea, anterior synechia is readily 
formed, and the obliteration of the angle of the anterior 
chamber easily leads to secondary glaucoma. If the iris is 
incarcerated in the wound in these cases the division of the 
synechia presents considerable technical difficulties, the iris 
and ciliary body are kept in a state of irritation, and the 
dangers of sympathetic ophthalmia are' greatly enhanced. 
The satisfactory evacuation of the lens substance is much 
more difficult than in ordinary discission of the lens, so that 
the continued apposition of the wounded and inflamed iris 
to the cornea is scarcely to be avoided. Moreover, in my 
opinion, children are very decidedly more susceptible to sym¬ 
pathetic ophthalmia than adults. 

Though the dangers of wound of the lens are diminished in 
older patients, there is no doubt that the prognosis is rendered 
graver by this complication. However satisfactory the result 
may be from the purelv surgical point of view, an aphakic eye 
is decidedly less useful than one which retains a normal 
lens. 

Treatment. It is a rule that the foreign body should be 
removed. There are rare exceptions to this rule, more 
particularly if (1) the foreign body was probably sterile; 
(2) little damage has been done to vision ; and (3) the process 
of removal will almost inevitably destroy sight. These con¬ 
ditions are most often fulfilled in the case of minute foreign 
bodies in the retina. 

Magnetisable foreign bodies are more easily removed than 



468 DISEASES OF THE EYE 

others, since the smeii or the huge electro-megnet cen be 

brought to bear upon them. 

A chip of steel free in the anterior chamber is removed 
in the following manner by the hand magnet (Fig. 235). 



Fio. 234. 

Retro-ocular anaesthesia or intravenous pentothal sodium 
should be used owing to the iritis already present. After 
washing out the eye a keratome incision is made above, 
3 nun. from the limbus. The keratome is pushed straight on 
until the incision is of the required size, remembering that 



Fio. 235.—Small magnet, with poles of various shapes. 

the internal wound in the cornea is smaller than the external. 
The keratome is removed moderately quickly but smoothly, 
so as to prevent loss of aqueous. The pole of the small magnet 
is then placed over the foreign body, outside the cornea, and 
moved towards the wound, thus dragging the particle along 
the back of the cornea. The posterior Op of the wound is 
then depressed with the pole and the foreign body is drawn 
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towards it, out of the wound. If mueh aqueous is lost it is 
more likely to become entangled in the iris, and considerable 
difficulty may be experienced in freeing it. It is wise to wait 
20 minutes for the anterior chamber to re-form before removing 
the foreign body, and it may be necessary to pass a flat pole 
into the chamber. All the preparations for dealing with a 
prolapse of iris must be made (vide p. 212). 

A foreign body on the iris may sometimes be removed 
with iris forceps through a similar incision. If it is entangled 
in the iris tissue, the iris must be drawn out of the wound 
and the part containing the foreign body excised with 
de Wecker’s scissors, as in the operation for iridectomy 
(vide p. 475). 

If a non-magnetic foreign body lies on the iris tn the angle 
of the anterior chamber it is impossible to get at it with 
forceps by an ordinary keratome incision immediately over 
it, such as the corneal incision to the right in Fig. 234. The 
incision should be made at 3 mm. inside the limbus in the quad¬ 
rant of the cornea lying over the foreign body, the point of 
the keratome being directed straight at the foreign body 
(Fig. 234 to the left). The foreign body can then be lifted out 
with toothless forceps, and the risk of prolapse of iris is also 
minimised (Goulden). 

If the foreign body is in the lens, a few days should be 
allowed to elapse for the aqueous to act upon the lens fibres. 
A curette evacuation (vide p. 488) is then performed and the 
foreign body will probably be evacuated with the lens matter, 
or it may be removed by forceps, or if magnetisable, by 
the small magnet. In a young subject it may be advisable 
to increase the opening in the capsule by discission a few 
days before doing a curette evacuation. In these cases a 
subsequent needling will often be required to obtain a clear 
opening in the pupillary area of the capsule. It should be done 
in exactly the same manner as after discission for lamellar 
cataract. If the patient’s other eye is normal he will not be 
able to wear the correcting glass for the aphakic eye, but 
his field of vision will be increased on this side. A more 
cogent reason for operating is found in the fact that it is 
easier to obtain a clear opening at this period than after 
months or years, when the capsule will have become thickened 
and very difficult to divide. In elderly patients it may be 
necessary to extract the lens by the operation for extraction 
of senile cataract (vide p. 490), but the large amount of soft 
lens matter will increase the dangers of the operation. 
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If the foreign body is in the vitreous or retina it is practi¬ 
cally impossible to remove it without very seriously damaging 
the eye unless it is magnetisable. The treatment then lies 
between leaving it alone and watching the case, or excising 
the eye on account of the damage done or the danger of 
sympathetic. 

If the substance is iron it may be possible to remove it with 
the large magnet (Haab’s Giant Magnet or Mellinger’s Ring 
Magnet). This will be facilitated by knowing its position, 
either by direct observation or by skiagraphy; some hint 
may be obtained from the position of the wound of entry and 
the probable direction in which the foreign body was travel¬ 
ling. If the patient is seen immediately after the accident it 
is best to use the large magnet at once, without waiting for a 
skiagram. The longer the foreign body is left the more firmly 
it becomes imbedded in exudates or fibrous tissue, and the 
less the probability of itB successful removal. 

The patient, whose pupil should be fully dilated, is seated 
in front of the magnet if Haab’s instrument is used (Fig. 236). 
The eye is brought close to the magnet, the cornea touching 
the pota. This is important, since if there is a large piece of 
iron in the eye and the cornea is not in contact with the pole, 
the whole eye may be drawn forward out of the socket when 
the current is turned on. Moreover, the direction of the 
core of the magnet should coincide as nearly as possible with 
the direction of entry of the foreign body. The current is 
then turned on : some pain is usually felt when a piece of 
steel is present within the eye. If the operation is successful 
the foreign body comes forward into the posterior chamber. 
It may be necessary to turn the current on and off several times 
before this happens. If the particle is small and deeply 
imbedded the operation is likely to fail; hence it should be 
performed as soon as possible after the injury, before the chip 
has become firmly encapsuled or imbedded in exudates. The 
foreign body generally passes round the lens, not through it. 
It will be seen bulging the iris forwards. The current 
should then be turned off and the eye adjusted so that the 
particle will be drawn towards the pupil (Fig. 237). When 
it has fallen into the anterior chamber the patient is transferred 
to the operating table and the foreign body removed with the 
small magnet in the manner already described. 

In some cases when the foreign body has been accurately 
localised and the large magnet has failed to bring it forward 
it can be removed by the small magnet introduced through a 
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scleral incision made by surgical diathermy as nearly as possible 
over the site. This posterior route is favoured by some 
operators, and is to be preferred in certain cases in which the 
foreign body is accurately localised. 

The immediate effect of extraction of foreign bodies with 
the large magnet is often good, but irreparable damage is often 
done to the eye. The tracks through the vitreous often become 
filled with fibrous tissue. As this organises and contracts the 



Pro. 236.—Removal of intraocular 
foreign body by Haab magnet: first 
stage. Drawing the foreign body 
into the posterior chamber, the 
eye looking forwards. (Goulden & 
Whiting) 



Fiu. 237.— Removal of intraocular 
foreign body by Haab magnet: 
second stage. Drawing the foreign 
body across the posterior chamber 
from behind the iris. (Gouldon & 
Whiting.) 


retina is pulled up, and total detachment destroys vision. Or 
more severe iridocyclitis may be set up and the eye shrinks. 


The ring magnet has the advantage that the patient lies upon 
the operating table throughout. When a current passes round 
a solenoid a magnetic field is generated, its greatest saturation 
being in the central axis of the solenoid. The ring is placed over 
the patient’s head, which is arranged so that the affected eye 
is as near the centre as possible. When the current is turned 
on every steel instrument placed within the ring becomes a magnet, 
the force varying with the mass of metal in the instrument and 


462 


DISEASES OF THE EYE 


its position in the ring. The foreign body is drawn forwards, as 
already described, by means of rods of soft iron of various sizes. 
The smallest should be used first, and the largest should be firmly 
grasped, otherwise they will be dragged out of the hand and thus 
do damage. As soon as the foreign body is seen to bulge the iris 
forwards the position of the rod is altered so as to draw it through 
the pupil. It may then be withdrawn by the small magnet or a 
keratome incision can be made, and the smallest rod or a steel 
spatula can be used in the same manner as the hand magnet. 

Panophthalmitis 

Panophthalmitis is generally caused by infected wounds, 
whether accidental or the result of operations, and ulcers. Less 
frequently it is metastatic, accompanying pyaemia and puer¬ 
peral fever, meningitis, and orbital cellulitis {vide p. 343). In 
the exogenous form the vitreous is usually first affected , 
organisms grow in it as in a culture medium, and purulent 
cyclitis, retinitis, and choroiditis are set up (Fig. 238). In 
most cases the deeper parts of the vitreous are infected. In 
simple prolapse through a scleral wound the vitreous offers 
remarkable resistance to infection (W. A. Gray). In the 
endogenous forms there may be a septic embolism of a retinal 
artery or the choroid may be first affected. In this group it 
may be bilateral. 

In both forms there is rise of temperature, headache, drowsi¬ 
ness, and sometimes vomiting. In the exogenous forms the 
edges of the wound become yellow and necrotic, hypopyon 
appears, there is great chemosis. with intense ciliary and con¬ 
junctival congestion, and the lids are swollen and red. There 
iB severe pain in the eye, due at first to iritis, later to increased 
tension. The vitreous becomes purulent, as shown by a yellow 
reflex by oblique illumination. The anterior chamber soon 
becomes full of pus, and the cornea cloudy and yellow ; ring 
infiltration may occur {vide p. 447). There may be exophthal¬ 
mos and limitation of movement of the globe, due to extension 
of the inflammation to Tenon’s capsule. In the metastatic 
cases rapid failure of vision, a yellow reflex, and hypopyon are 
found in the early stages. 

If the case is left to take its course the pus bursts through, 
usually just behind the limbus. The pain subsides, and after 
prolonged suppuration the eyeball shrinks. The prognosis 
is bad, the eye being almost invariably lost. The condition 
is not likely to set up sympathetic ophthalmia . 

The pneumococcus is responsible for most cases of panoph- 
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thalmitis, but it is also caused by staphylococci, streptococci, 
bacillus coli, bacillus pyocyaneus {vide p. 448), Clostridium 
Welchii (gas gangrene), and even by saprophytic organisms 
such as bacillus subtilis. 

Treatment. In the early stages after operation wounds an 
attempt must be made to stay the process. The edges of the 
wound are cauterised with pure carbolic acid or the actual 
cautery. Penicillin treatment should be used to its fullest 
extent, 10,000 units of the pure salt being injected subcon- 



Fia. 238.—Seotion of the retina and ohoroid in panophthalmitis 
(X 60), following a perforating wound. 


junctivallyevery3 or 4 hours, and in desperate cases an intra¬ 
ocular injection being made into the anterior chamber or even 
the vitreous {vide p. 697). Hot bathings, medical diathermy 
and leeches are applied, and atropine instilled. Sulphonamides 
should be given in full doses {vide p. 696). 

As soon as it is evident that the eye cannot be saved it 
should be excised. This should not be left too long, and great 
care should be taken that no undue pressure is put upon the 
eye. If pus escapes there is danger of purulent meningitis 
being set up, the patient’s life being thereby endangered. If 
there is any risk of this occurring the globe should be eviscerated 
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by excising the cornea and scooping out all the intraocular 
contents, special care being taken to leave no uveal tissue 
behind. The interior of the sclerotic is then swabbed out 
with perchloride lotion (1 in 2,000) and the conjunctival sac 
irrigated with a large quantity of weaker lotion (1 in 6,000). 
Most of the sclerotic may be excised, but a collar of it should 
be left around the optic nerve. 

Sympathetic Ophthalmia 

Sympathetic ophthalmia (or sympathetic ophthalmitis) is 
the much dreaded condition in which serious inflammation 
attacks the sound eye after injury of the other eye. In recent 
years sympathetic ophthalmia has become a rare disease, in 
spite of the fact that ophthalmic surgery has become more 
conservative. Though common in the American Civil and 
Franco-Prussian Wars, it was very rare during the two World 
Wars. This gratifying fact is due to increased skill in the 
treatment of perforating wounds, particularly in the applica¬ 
tion of antiseptic principles. A perforating wound, especially 
if a foreign body is retained within the eye, is, however, a 
source of great anxiety to the most experienced surgeon. 

Sympathetic ophthalmia almost always results from a per¬ 
forating wound, especially such as is caused by a foreign body 
which remains within the eye. Wounds in the ciliary region— 
the so-called “ dangerous zone ”—involving the ciliary body 
and leading, to its incarceration in the scar, have always been 
considered specially dangerous ; it is doubtful if, per se, they 
are more dangerous than others. On the other hand, it is 
certain that wounds in which iris, ciliary body or lens capsule 
is incarcerated are more likely to set up sympathetic oph¬ 
thalmia than others. If suppuration supervenes sympathetic 
ophthalmia is very unlikely to follow; hence perforating 
ulcers very rarely cause it. It is also extremely rare without 
perforation, if indeed it ever occurs in these circumstances. 

Children are particularly susceptible, but it occurs at any 
age. Tt usually begins four to eight weeks after the injury to 
the first eye (the exciting eye) has taken place, rarely earlier, 
but the onset may be delayed for many months or even years 
—it is said as many as 40 years. 

There is always iridocyclitis in the exciting eye. Usually 
it is a plastic iridocyclitis which has been set up by injury and 
has not subsided in the course of three or four weeks. Instead 
of quieting down the ciliary injection remains, there is lacry- 
mation and the eye is tender: special attention should be 
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directed to the presence or absence of precipitates (“ k.p.”) 
on the back of the cornea. In the ra^t cases of delayed 
sympathetic ophthalmia the exciting eye has passed into a 
quiescent state. It may have shrunken completely. The 
onset of sympathetic ophthalmia in the second eye is then 
often ushered in by return of irritation—ciliary injection, 
tenderness, &c.—in the shrunken globe. The exciting eye, 
while showing evident traces of old iridocyclitis, may yet 
possess useful vision. 

Sympathetic ophthalmia—the disease in the second or 
s ympathis ing eye—is almost “always a plastic iridocyclitis 
coffering in no respect from this form of iridocyclitis due to 
other causes. In rare cases it manifests itself as a neuro- 
retinitis or choroiditis. In cases which the surgeon knows to 
be liable to the condition the first sign may be the presence of 
precipitates (“ k.p/’) on the back of the cornea, noticed at 
this early stage because they have been dreaded and carefully 
watched for. In other cases the patient first seeks advice for 
defective vision or inflammation in the uninjured eye (sym¬ 
pathetic irritation). 

Pj qcjjV i pftl s y m p tom s are sensitiveness to light and transient 
indistinctnessofmjjecls. The latter is due to weakness of 
accommodation ; objects become blurred when doing fine work, 
but after an interval of rest vision improves. On examination 
at this stage there may be l acrymatio n, sli ght ciliary injectio n, 
tenderness of the eyeball, as shown by the patient shrinking 
from an attempt at examination, precipitat es on the back of the 
cornea, and vit reous opaciti es. The prodromal symptoms may 
oocur in intermittent attacks, spread over a considerable period. 

When fully developed all the signs and svmptoms of irido- 

ivyiw y ■ y ww °. - J r ... - , 

cyclitis {q.v.) are present, varymg in degree according to the 
severity of the case. The prognosis as to vision is always 
doubtful, but if there is much deposition of plastic exudates 
in the pupillary area it becomes extremely grave. Cases show¬ 
ing little exudation (“ serous iritis ”), but a deep anterior 
chamber and *' k.p.,” have a more favourable prognosis, but 
they may at any moment develop into the severe plastic type. 
Tension , difficult to determine on account of tenderness, is 
moderately raised in the early stages. It may then pass into 
the condition of lowered tension with gradual shrinking of the 
globe ; or the iridocyclitis may subside, the eye quieting down 
and retaining fair vision. In the worst cases a ring synechia 
forms and secondary glaucoma supervenes {vide p. 282), or 
both occlusio an'd'seclusio pupillse or total posterior synechia 
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(vide p. 260) occur and tlie ©ye shrinks. Sympathetic ophthal¬ 
mia sometimes takes two or more years to run its course. 

The pathology of sympathetic ophthalmia is unknown. The 
microscope features in both the exciting and the sympathising 
eye are the same.. In the earliest stages examined there are 
nodular aggregations of small round cells scattered throughout 
the iiveal tract. In later stages the infiltrati on becomes diffuse, 
and epithelioid and giant cells appear ; in fact, the condition 
is scarcely distinguishable from tubercle of the uveal tract. 
These are merely the signs of reaction to a constant, relatively 
mild form of irritation, and the view that the disease is tuber¬ 
culous (Meller) is improbable. The ordinary signs of uveitis 
and its consequences are present. 

The evidence which has accumulated in modem times tends 
to show that sympathetic ophthalmia is an infective disease. 
It is least liable to occur in otherwise likely cases if the wound 
or the retained foreign body is sterile. On the other hand, it 
very rarely occurs if actual suppuration has taken place in the 
exciting eye; possibly this may be due to some specific 
organism being destroyed by the superabundant growth of 
pyogenic organisms. It is more likely to occur from retention 
of shot, a chip of stone, glass, china, &c., than from that of a 
particle of hot steel, probably because the latter is sterile. 

Sterility of an ocular wound is usually judged by a satisfac¬ 
tory course of healing and the absence of suppuration. It is by 
no means certain that all such wounds are, strictly speaking, 
sterile. The resistance of the patient’s tissues has to be taken 
into account. With the same precautions a cataract wound 
may heal readily in a healthy man, but only after prolonged 
subacute iridocyclitis in a weakly patient. In many of these 
cases there are reasons for delayed cicatrisation, such as 
incarceration of the iris, synechia of lens capsule, &c., but the 
exact mode in which they act is a matter of conjecture. 

Various theories have been brought forward to explain the 
occurrence of mnammation m the sympathising eye. It has 
been suggested that severe inflammation in one eye produces 
a tendency to ciliary irritation in the other eye by some occult 
means connected with their anatomical and physiological 
symmetry; there is no evidence to support this conjecture. 
More probable, d priori, is the view that infection travels along 
the optic nerve vid the chiasma. On this theory one would 
anticipate neuro-retinitis in the sympathising eye as the most 
frequent manifestation of the disease, but it is extremely rare. 
The experiments supporting this theory fail to substantiate it. 
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A more probable theory is that there is a specific organism 
or virus, which has as yet escaped observation, possibly 
because it is ultra-visible by the microscope, but one which 
causes general infection through the blood stream. It may 
be that in addition to the infection there is an allergic factor, 
since it has been shown that uveal pigment can act as an 
antigen. It may be conjectured that the organism is harmless 
to other organs of the body, and that it finds a suitable nidus 
only in the other eye, perhaps owing to allergic hyper¬ 
sensitivity of the uveal tract. This theory explains best the 
facts of both ordinary and anomalous cases. When sympa¬ 
thetic ophthalmia supervenes after the injured eye has long 
been shrunken it may be conjectured that the organism has 
lain quiescent and encapsuled. The fact that in such cases the 
shrunken eye is again injured or becomes spontaneously 
irritable and inflamed shortly before the outbreak of inflamma¬ 
tion in the otheT eye lends colour to this view. Cases in which 
the injured eye is excised and sympathetic ophthalmia is said 
to supervene many years afterwards are best explained as 
ordinary iridocyclitis—a by no means rare disease—occurring 
quite independently of the injury. 

The treatm ent of sympathetic ophthalmia is one of the most 
difficult problems in ophthalmology, and often demands the 
exercise of great judgment. 

It is, in the first place, prophylactic. In every case of 
perforating wound, with or without the retention of a foreign 
body, the question of excision of the eye on account of danger 
to its fellow arises. It may be assumed as an axiom that 
s vmva ihetic ophthalmia never occurs after the excision of an 
injured eye unless it has already commenced at the time of opera - 
tion. lienee, early excision is a positive safeguard against the 
disease. The injury to the eye may, however, be otherwise 
trivial, so that restoration of good sight may be possible. The 
rule should be to excise any eye which is so injured that it is 
improbable that useful vision will be regained. In cases where 
this is doubtful expectant treatment may be adopted for a time. 
If the eye quiets down quickly it is unlikely to set up sympa¬ 
thetic. What, then, are the chief causes which keep up 
irritation ? The most important are entanglement of the iris 
or ciliary body or lens capsule in the wound, and the presence 
of a retained foreign body. Every effort must therefore be 
made to free the iris or ciliary body from the wound by excision 
of any prolapse, followed, if necessary, by division of anterior 
synechise. Upon the success of these efforts the retention of 
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{vide p. 260) occur and the eye shrinks. Sympathetic ophthal¬ 
mia sometimes takes two or more years to run its course. 

The pat hology of sympathetic ophthalmia is unknown. The 
microscope matures in both the exciting and the sympathising 
eye are the same.. In the earliest stages examined there are 
nodular aggregations of small round cells scattered throughout 
the uveal tract. In later stages the infiltration becomes diffuse, 
and epithelioid and giant cells appear ; in fact, the condition 
is scarcely distinguishable from tubercle of the uveal tract. 
These are merely the signs of reaction to a constant, relatively 
mild form of irritation, and the view that the disease is tuber¬ 
culous (Meller) is improbable. The ordinary signs of uveitis 
and its consequences are present. 

The evidence which has accumulated in modem times tends 
to show that sympathetic ophthalmia is an infective disease. 
It is least liable to occur in otherwise likely cases if the wound 
or the retained foreign body is sterile. On the other hand, it 
very rarely occurs if actual suppuration has taken place in the 
exciting eye; possibly this may be due to some specific 
organism being destroyed by the superabundant growth of 
pyogenic-organisms. It is more likely to occur from retention 
of shot, a chip of stone, glass, china, &c., than from that of a 
particle of hot steel, probably because the latter is sterile. 

Sterility of an ocular wound is usually judged by a satisfac¬ 
tory course of healing and the absence of suppuration. It is by 
no means certain that all such wounds are, strictly speaking, 
sterile. The resistance of the patient’s tissues has to be taken 
into account. With the same precautions a cataract wound 
may heal readily in a healthy man, but only after prolonged 
subacute iridocyclitis in a weakly patient. In many of these 
cases there are reasons for delayed cicatrisation, such as 
incarceration of the iris, synechia of lens capsule, &c., but the 
exact mode in which they act is a matter of conjecture. 

Various theories have been brought forward to explain the 
occurrence of inflammation m the sympathising eye. It has 
been suggested that severe inflammation in one eye produces 
a tendency to ciliary irritation in the other eye by some occult 
means connected with their anatomical and physiological 
symmetry; there is no evidence to support this conjecture. 
More probable, d priori, is the view that infection travels along 
the optic nerve via the chiasma. On this theory one would 
anticipate neuro-retinitis in the sympathising eye as the most 
frequent manifestation of the disease, but it is extremely rare. 
The experiments supporting this theory fail to substantiate it. 
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A more probable theory is that there is a specific organism 
or virus, which has as yet escaped observation, possibly 
because it is ultra-visible by the microscope, but one which 
causes general infection through the blood stream. It may 
be that in addition to the infection there is an allergic factor, 
since it has been shown that uveal pigment can act as an 
antigen. It may be conjectured that the organism is harmless 
to other organs of the body, and that it finds a suitable nidus 
only in the other eye, perhaps owing to allergic hyper¬ 
sensitivity of the uveal tract. This theory explains best the 
facts of both ordinary and anomalous cases. When sympa¬ 
thetic ophthalmia supervenes after the injured eye has long 
been shrunken it may be conjectured that the organism has 
lain quiescent and encapsuled. The fact that in such cases the 
shrunken eye is again injured or becomes spontaneously 
irritable and inflamed shortly before the outbreak of inflamma¬ 
tion in the other eye lends colour to this view. Cases in which 
the injured eye is excised and sympathetic ophthalmia is said 
to supervene many years afterwards are best explained as 
ordinary iridocyclitis—a by no means rare disease—occurring 
quite independently of the injury. 

The treatment of sympathetic ophthalmia is one of the most 
diffieultproblems in ophthalmology, and often demands the 
exercise of great judgment. 

It is, in the first place, prophylactic. In every case of 
perforating wound, with or without the retention cf a foreign 
body, the question of excision of the eye on account of danger 
to its fellow arises. It may be assumed as an axiom that 
s vmvaiheti c ovhthalmia never occurs after the excision of an 
injur eTeye unless it lids already commenced at the time of opera¬ 
tion.' “Hence, early excision is a positive safeguard against the 
disease. The injury to the eye may, however, be otherwise 
trivial, so that restoration of good sight may be possible. The 
rule should be to excise any eye which is so injured that it is 
improbable that useful vision will be regained. In cases where 
this is doubtful expectant treatment may be adopted for a time. 
If the eye quiets down quickly it is unlikely to set up sympa¬ 
thetic. What, then, are the chief causes which keep up 
irritation ? The most important are entanglement of the iris 
or ciliary body or lens capsule in the wound, and the presence 
of a retained foreign body. Every effort must therefore be 
made to free the iris or ciliary body from the wound by excision 
of any prolapse, followed, if necessary, by division of anterior 
synechke. Upon the success of these efforts the retention of 
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the eye may depend. If they fail, which is more likely to be 
the case if the lens is also wounded, ciliary injection is certain 
to continue. 

During this expectant period the most careful watch is 
kept for “ k.p.” If the eye continues irritable, with ciliary 
injection, photophobia, and lacrymation, and above all if 
“ k.p.” appears, the eye should be excised. It is seldom 
wise to wait longer than a fortnight unless there are un¬ 
doubted signs of amelioration. The slightest sign of ciliary 
irritation or “ k.p.” in the other eye indicates the necessity 
for immediate excision of the injured eye. It must be re¬ 
membered that children are more susceptible than adults. 
Care must be taken not to confuse a simple conjunctivitis 
with ciliary irritation. 

Even more difficult to decide is the treatment in those cases 
in which sympathetic ophthalmia has already supervened. If 
the case is seen early, shortly after the onset of inflammation 
in the sympathising eye, and if the injured or exciting eye has 
no useful vision, this useless eye should be excised at once. 
There is no question that the excision of the exciting eye has a 
good effect upon the process in the sympathising eye if per¬ 
formed early. At a later stage there is no evidence to show 
that it exerts any influence at all. 

The chief difficulty arises when the exciting eye has useful 
vision and the inflammation in the sympathising eye is severe. 
If this is the condition soon after the injury it may be wise to 
excise the injured eye. If, however, a considerable time has 
elapsed since the injury, excision of the exciting eye is likely 
to nave little or no influence upon the process. Moreover, in 
the end the injured eye may have better vision than the 
sympathising one, for if the iridocyclitis is severe the sympa¬ 
thising eye may be lost in spite of all efforts. Under these 
conditions, therefore, the injured, eye should be retained. 

The tre^tlPpnt of the sympathetic iridocyclitis is that of 
iridocyclitis in general {vide p. 275). In addition to atropine, 
hot bathings, rest in a dark room, leeches, &e., the patient 
should be brought rapidly and thoroughly under the influence 
of mercury. Mercurial inunctions should be pushed, so that 
sali^Stron occurs within a week, and the patient should then be 
kept on the border line of mercurialisation for a considerable 
period.* Massive doses of sodium salicylate have proved 
beneficial in some cases. In later stages pilocarpine injections 
and the administration of iodides may assist in the absorption 
of exudates, and lead to improvement of vision. Perseverance 
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in these measures, aided by general tonic treatment, is of the 
utmost importance. 

Improvement of vision may occasionally be obtained by 
operation, but no such interference is to be contemplated until 
all inflammation has subsided and the eye has been quiet for 
several months. In the milder cases an optical iridectomy 
may do good. In the worst cases, so long as there is percep¬ 
tion, and moderately good projection of light, more desperate 
operations, such as extraction of the lens, &c., may be justi¬ 
fiably undertaken if the other eye is blind or has been removed. 



CHAPTER XXII 
Operations upon the Eyeball 

Bacteriological Precautions 


Before intra-ocular operations, particularly major opera¬ 
tions such as cataract extraction, a bacteriological examination 
of the conjunctival sac should be made and, at any rate 
temporary surgical cleanliness attained by penicillin (vide 
p. 696); Dacryocystitis should be looked for and, if necessary, 
dealt with (p. 653). Ideally a culture should be taken and the 
measures already described as a preliminary to a cataract 
operation be adopted (vide p. 314). 

Anesthesia for Eye Operations 

In most ophthalmic operations, and particularly in intra¬ 
ocular operations, it is desirable to have the conscious co¬ 
operation of the patient and to avoid the risks of the after 
effects of general anaesthesia. Hence local anaesthesia, with 
or without pre-medication, should be used. While the co¬ 
operation of the patient is always desirable, it is not always 
given, and it is unfair in the trying circumstances of an 
operation to expect that it should be. It is easy by adequate 
anaesthesia and akinesia to ensure that events will not get 
out of hand. In the case of neurotic and highly strung 
patients the previous administration of a sedative may 
suffice ; if not, a general anaesthetic must be used. 

Local Anaesthesia. (1 ) Surface Aimsthesia. Cocaine and its 
many derivatives are readily absorbed by the conjunctiva 
and cornea, and produce complete anaesthesia after instilling 
4 drops of a 2 per cent, solution at intervals of five minutes . 
The iris, however, is not rendered completely anaesthetic by 
this method. Cocaine occasionally causes alarming symptoms 
in old and debilitated patients and as an idiosyncrasy, but 
this is very rare : as a precaution sustained pressure over the 
lacrymal sac during instillation will prevent absorption from 
the nasal mucous membrane. Pantocain is preferable to 
cocaine as it neither damages the corneal epithelium nor does 
it dilate the pupil. The oomea remains clear, and the sense 
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of pressure is abolished, so that the weight of instruments is 
not felt. Pantocain (also known as dessicain) is a novocain 
derivative, readily soluble in water, is stable when boiled, and 
mixes well with adrenaline. It produces a burning sensatio n 
and blepharospasm for about a minute, and a slight hyperaBmia 
which disappears in three to live minutes. 

(2) Infiltration and Regional Ancesthesia. Infiltration 
anaesthesia with novocain and adrenaline (novocain 2 per cent., 
adrenaline 1 in 10,000) or a suitable substitute is employed for 
operations on the lids for the removal of growths, injuries and 
plastic repairs, and electrolysis of the lashes. The lid margin 
is difficult to anaesthetise; a fine needle should be used and 
the injection given slowly and thoroughly. To effec t anaes¬ 
thesia of .the iris 1 c.c. of novocain (4 per cenKHs mlected 
iu£o Tenon s capsule about half-wav between the tempora l 
border or the superior rectus and the upper edge of the externa l 
r ectus . A fine needle is used, and care is taken to insert it 
very obliquely through the conjunctiva, to avoid the site of a 
vena vorticosa, and to keep close to the sclera. The injection 
is made just behind the equator. This is safer than giving a 
retro-ocular injection of 1 c.c. of novocain (4 per cent.), a 
procedure m wnicb a fine needle, 0 cm. long, is passed through 
the skin of the lower lid along the outer wall of the orbit for 
4 cm. and then turned medially for about 1 cm. 

In cases when a general anaesthetic is undesirable the eye 
can be remov ed painlessl y by an injection of 6 c.c. of novocain 
a nd adrenal in p. into thp. apex of the orbi t. " 

Pre-medication. Morphia, heroin, omnopon, and scopolamine 
are commonly used before operation to allay fear and facilitate 
the quiet induction of general anaesthesia. They are liable 
to cause post-anaesthetic vomiting and constipation, and 
should only be used when specially indicated or as a preliminary 
in basal narcosis. Luminal, m. i, taken by the mouth one 
hour before operation, is~userul m rendering most adults quiet, 
yet still co-operative. Nembutal is usually more effective. A 
capsule containing lj grs. is given the night before operation, 
and one or two capsules, according to the patient’s weight and 
age, one hour before operation. Its action, however, varies 
considerably, being without effect in some persons or causing 
a restless semi-consciousness in others. 

General Anaesthesia. Intravenous Administration of Drugs. 
The best drug for this purpose is pentothal sodium, a rapidly 
acting barbiturate which produces a fall of blood presstire 
and intraocular pressure, good relaxation and moderately 
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quick recovery of consciousness. A single injection suffices 
for an operation of ten to twenty minutes’ duration. For 
longer operations more of the solution is injected periodically. 
Conjunctival and corneal reflexes are abolished, but it is wise 
to use pantocain drops, injection of novocain and adrenaline 
into Tenon’s capsule, and facial nerve block. During anaes¬ 
thesia the eyes are central and directed slightly upwards. 

Inhalation anesthesia is indicated in operations upon 
children for squint, application of radon seeds to the sclera, 
&c., for prolonged plastic operations, operations upon the 
orbit, and excision of the eye. In all other ophthalmic opera¬ 
tions it is preferable to use local anaesthesia with or without 
basal narcosis. 

The chief, objections to inhalation anaesthesia for intra¬ 
ocular operations are the deviation of the eyes, vascular con¬ 
gestion, and post-operative restlessness and vomiting. 


nerve 
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Akinesia for Eye Operations 

In intra-ocular operations involving a wide opening of the 
globe {e.g., cataract) temporary paralysis of the orbicularis 
muscle is advisable in order to prevent squeezing together 
of the lids. For this purpose 4 to 5 c.c. of no vocain and 
adrenaline are injected down to the periosteum covering the 


neck of the mandible where the upper branches of the facial 


Is. The patient s 
instructed to open his mouth, and the position of the condyle 
and temporomandibular joint is located by the operator’s 
left forefinger. After closing the jaw a point J inch below the 
position of the condyle is selected for the insertion of the 
needle, which should pass straight down to the periosteum. 
Four or 5 c.c. are injected, and after withdrawing the needle 
firm pressure and local massage are applied. Paralysis of 
the orbicularis rapidly follows. 

An alternative method is injection across the branches of 
the facial nerve as they traverse the mala r bone. A fine 
needle, about inches in length, is inserted'down Ifco the 


eriosteum of the malar bone at a point about 


hin 


towards the t 




elow 


e nee 




The frontalis muscle and the supraorbital nerve may also be 
infiltrated by inserting the needle 1 cm. above the external 
angular process and passing it close to the periosteum along 
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the supraorbital margin until the supraorbital notch is reached. 
The advantage of this method is that it provides regional 
anaesthesia as well as paralysis of the orbicularis muscle. 

When the lids have been paralysed in this way, in order to 
ensure post-operative closure a stitch should be inserted int o 
the skin of the upper lid 3 mm. above its margin . This is 
fixed to the cheek bv adhesive p laster aftert he operation and 
remove d,at t he.first dressing. “ ~ 

Fixation of the globe by a stitch passed through the tendon 
of^Ke^ superior rectus muscle^Is"in' tntra'-OCUlar 
operations conducted under general anaesthesia and is advisable 



Fig. 239. 

in those cases wherein the co-operation of the patient in looking 
down is in doubt. In fact, it is a safe precaution in all intra¬ 
ocular operations wherein looking down is essential. It is 
more effective after the injection of 0-5 c.c. novocain into 
the belly of the muscle. During the operation the stitch is 
either clamped without tension to the head towels by artery 
forceps or controlled by an assistant (Fig. 268). 

The Speculum. In. most operations a simple speculum (Lang’s, 
Fig. 118) is adequate. When the eye is widely opened (as for 
cataract) a modification of Amiga's speculum is safer, whereby 
the weight is taken on the bridge of the nose and the temple, 
and the lids and speculum are lifted off the globe (Fig. 240). The 
simplest and safest method is to employ lid stitches. The upper 
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lid stitch (vide supra) instead of being inserted in the middle is 
passed through the skin twice at the junctions of the middle third 
with the outer and the inner thirds, and it, as well as the central 
superior rectus stitch, is clamped on the head towels to keep the 
upper lid back. A skin stitch in the lower lid depresses it by the 
weight of an artery forceps hanging down over the cheek. 

General Routine. The preparation of the eye immediately 
before the operation is the same in all cases. The eyelashes 
are cut short and the eye is irrigated with normal saline 
solution. The skin of the lids is dried and painted with spirit 
or iodine. Two or three drops of penicillin (1,000 units per 
c.c.) are instilled. Five drops of pantocain (1 per cent.) are 
instilled at 3 minute intervals and then two drops of adrenaline 
(1 in 1,000). One drop of pantocain is also instilled into the 



other eye to diminish the risk of closure' of the lids. The 
orbicularis oculi is paralysed (vide supra ); an injection of 
novocain is made into Tenon’s capsule if necessary (vide supra). 
Sterile towels are draped round the head, neck and chest and 
the face covered with a gauze mask in which an aperture is 
cut to give access to the eye. The lid stitching is inserted 
after a minute local injection of novocain into the skin (vide 
supra). The speculum (if employed) is inserted and the eye 
is ready for operation. 

Operations upon the Cornea 

Paracentesis for hypopyon ulcer has already been described 
(vide p. 209). Paracentesis for cyclitis is performed in 
identically the same manner as in the second method there 
described. 
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Operations upon the Ibis 

Iridectomy, which, consists in the excision of a portion of the 
iris, is performed for the following oonditions ir—(1) Prolapsed 
iris ; (2) corneal or lenticular opacities (optical iridectomy); 
(3) glaucoma; (4) as a preliminary or as part of cataract 
extraction; (5) threatening ring synechia (vide p. 271); 
(6) ectatic corneal cicatrices ; (7) foreign bodies in, or small 
cysts or tumours of the iris. 

Iridectomy for prolapsed iris has already been described (vide 

p. 212). 

Optical iridectomy is indicated in some cases of localised 
opacities of the cornea or lens, very rarely for occlusion of the 
pupil or subluxation of the lens. In all cases there must be 
proof or good reason to believe that the light percipient 
structures are capable of performing their functions. If 
the patient is old enough to have the vision tested this 
should show improvement when the pupil is dilated by a 
mydriatic. The opacities must be localised, and in the 
case of lenticular opacities there must be good reason to 
assume that they are stationary. The results are frequently 
disappointing. 

An optical iridectomy should be as narrow as possible, in 
order to avoid dazzling and to obtain an approximation to 
stenopeeic vision (vision through a narrow slit, vide p. 23). It 
should not extend to the ciliary border. The site of election 
is down and in (Fig. 241), but in the case of corneal opacities 
the clearest region of the cornea must be chosen, unless this 
happens to be above, in which case the coloboma would be 
covered by the lid and useless for vision. 

Instruments required: speculum, two pairs of fixation 
forceps, bent keratome, iris forceps or iris hook, de Wecker’s 
scissors, iris repositor. General anaesthesia is only necessary 
in very young or neurotic patients. 

The keratome is inserted at or just inside the apparent 
corneo-scleral margin, the blade being kept parallel to the 
plane of the iris. It is pushed on until the incision is suffi¬ 
ciently long. The handle is then depressed, so that the blade 
lies against the back of the cornea ; the danger of pricking 
the lens with the point is thus reduced to a minimum. The 
keratome is then slowly withdrawn. The iris forceps are 
inserted closed, then opened very slightly and the iris seized 
just outside the pupillary margin: or the iris may be drawn 
out with a blunt iris hook, which allows a narrower coloboma to 
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Fia 241.—Diagram of 
wound and coloboma 
in optical iridectomy 
at the site of.election. 


be made. The iris is drawn out of the wound and a portion 

excised with de Wecker’s scissors. A 
slit-like coloboma is made by holding 
the scissors so that the blades are in 
the direction of a radius of the iris 
(Fig. 243); the narrowest coloboma may 
be made by a simple radial iridotomy, no 
iris being removed. The iris is freed from 
the wound, unless already free, by the re- 
positor. Sterile atropine ointment is 
introduced into the conjunctival sac, 
and the eye is bandaged. 

Iridectomy for Iritis (vide p. 271) should 
be performed as in optical iridectomy, 
but in the upper part of the iris. 

Preliminary Iridectomy (vide p. 316). When iridectomy is 
done as a preliminary to cataract extraction it should be done 
with a keratome in the upper part of the cornea and in the 
same manner as an optical iridectomy. If there is raised 
tension (vide p. 316) the section should be large, and the iris 
should be torn away as in iridectomy for glaucoma (vide infra). 

Iridectomy for glaucoma has for its object the opening 
up of a sufficiency of the angle of the anterior chamber 
to permit of efficient filtration of aqueous. It is essential, 
therefore, that the coloboma shall extend to the ciliary 
attachment of the iris, and that it shall be broad at the 
periphery. It has already been pointed out that when the 
iris is torn away the fracture occurs at the thinnest part, 
viz., at the ciliary attachment. This will generally happen 
in iridectomy for acute glaucoma, if the attack is the first 
or early in the history of the disease. In chronic glaucoma, 
however—and, the same applies to an acute exacerbation 
occurring in the course of chronic or subacute glaucoma— 
the periphery of the iris is firmly adherent to the comeo- 
sclera. When the iris is tom away the fracture will be at 
the false angle, and filtration of lymph will not be facilitated. 
The rules usually given as guidance to the correct performance 
of iridectomy for glaucoma are that the section shall be peri¬ 
pheral and the coloboma wide. From the above remarks it 
will be seen that a very peripheral section is not very important 
in true acute glaucoma, but that it has usually been thought 
of importance in chronic glaucoma. 

In acute glaucoma and in acute exacerbations of the chronic 
form a general anesthetic or deep regional anesthesia into 



OPERATIONS UPON THE EYEBALL 


477 


Tenon’s capsule is required, chiefly because the high tension 
prevents sufficient absorption of cocaine to render the cornea 
—much less the iris—anaesthetic, partly also because the 
patient’s self-control has been shattered by pain and anxiety. 
Control of the eye by a superior rectus stitch is also advisable. 
Eserine should always be instilled into the unaffected eye 
{vide p. 292). 

In cases of acute glaucoma with very shallow anterior 
chamber, a preliminary posterior sclerotomy by diathermy or 
a Graefe knife {vide p. 481) may be done ten minutes or so 
before the iridectomy ; but this is seldom necessary if the 
treatment suggested on p. 292 is carried out. 

Instruments required : speculum (Fig. 240), two pairs of 
fixation forceps, narrow Graefe cataract knife, iris forceps, de 
Wecker’s scissors, iris repositor. 

The surgeon Stands above the patient, using his right hand 
to make the section for the right eye, the left hand for the left 
eye. The knife is held with its plane 
parallel to the plane of the iris, care 
being taken that the back of the knife 
is away from the surgeon. (It is an 
extremely awkward accident to introduce 
the knife with the back upwards.) 

The point is introduced at least 2 mm. 
behind the apparent eofneo-scleral mar¬ 


ia. 242.—Diagram of 
wound and ooloboma 
in glaucoma iridec¬ 
tomy. 

much brighter than the part in the corneo-sclera ; if this 
is not noticeable it is probable that the knife is badly directed 
and is burrowing in the cornea. It is passed steadily onwards 
across the anterior chamber to a spot corresponding with seven 
minutes past or to twelve on the dial of a clock, where the 
counter-puncture is made. In glaucoma, especially acute 
glaucoma, the anterior chamber is very shallow, so that it may 
be very difficult to pass the knife across without catching in 
the iris and wounding the lens, a most disastrous accident. 
The deepest part of the chamber is at the periphery, and it 
will usually.be found easiest to coax the point of the knife 
round the periphery, gently pushing the iris away with the 
back. 

As soon as the counter-puncture is made the knife is pushed 


gin. It _is inserted at the point corr e¬ 
sponding with seven minutes to (right 


eye) or 


twelve 


face (Fig. 242). As soon as the point 
IF in the anterior chamber it will look 
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on until 5 or 6 mm. are exposed. Cutting out is performed 
by a series of small sawing movements, little pressure upwards 
being required with the very Bharp knife. It is very necessary 
to use these sawing movements properly, as the sharpest knife 
fails to cut if it is simply pressed hard against a surface. 

In this manner the section through the comeo-sclera is kept 
at a uniform distance of 1 or 2 mm. behind the apparent corneo¬ 
scleral margin. Some conjunctival flap has already been cut at 
the sides, but the middle of the knife blade is still under the con¬ 
junctiva. The edge of the knife is then directed forwards 



Fig. 243. 


Fig. 244. 


Fig. 243, iridectomy with blades of de Weoker’s scissors held radially; 
Fig. 244, with blades held at right angles to the previous position. 
The former method results in a narrower coloboma, such as is prefer¬ 
able in optical iridectomy and in extraction of senile cataract with 
iridectomy. 


and the conjunctiva cut through by one or two sawing 
movements. 

During these manoeuvres care must be taken that the points 
of the fixation forceps are not pressing into the globe, which is 
very likely to occur owing to the attention being concentrated 
upon the section. 

While the eye is gently rotated downwards by the superior 
rectus stitch, the surgeon takes the iris forceps in his left 
hand and de Wecker’s scissors in his right. With a sterile 
swab the assistant turns down the conjunctival flap so that it 
lies over the cornea, unless this has been done previously 
with the back of the knife after completion of the section. 
The points of the closed forceps are then inserted in the 
wound and carried to a point half-way between the pupillary 
and ciliary margins of the iris at a point slightly to the right 
of the vertical meridian of the cornea. The forceps are opened 
slightly, and the iris gripped. The iris is pulled out and cut 
to the right side of the forceps. This stroke makes the right 
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limb of the coloboma. The iris is then drawn across towards 
the left. By this movement it is torn from its attachment for 
the whole width of the section. It is then drawn a little back 
towards the right, so that it may not be jammed into the left 
angle of the incision. The free part is then cut off by a second 
snip of the scissors. This stroke makes the left limb of the 
coloboma. 

The iris repositor is then taken by the surgeon. The tip 
of the repositor is introduced into the wound and insinuated 
between the cornea and the iris on one side. By a radially 
directed movement the iris is smoothed out towards the 
centre of the pupil so that if the edge of the coloboma is caught 
in the angle of the wound it will be freed. The same manoeuvre 
is repeated on the other side of the wound. This part of 
the operation is very important, and may be very difficult. 
Only when the edge of the pupil is in its natural position 
and looks circular but for the small defect in the upper part 
is the surgeon convinced that the pillars of the coloboma 
are free from entanglement in the wound. The conj unctival flap 
is then turned back over the wound 
with the iris repositor, care being taken 
that it is not folded upon itself. Any 
blood clot is carefully removed with 
forceps or a swab. The surgeon lifts the 
speculum away from the eye, at the 
same time seizing the lid suture. 

Removing the speculum, he lifts the 
upper lid over the wound in such a 
manner as to prevent the lid from 
displacing the conjunctival flap. 

Both eyes are bandaged. The unoperated eye may be 
uncovered after two days. 

The chief complications whifi hjOBfti: arise during, the opera- 
tion are hae morrhage int o the anterior chamber (not usually 
serious,"btit inconvenifeht71 wound of the lens (often not dis¬ 
covered until opacity develops);’severe intraocular haemor¬ 
rhage, leading sometimes to extrusion of thelens, vitreous, and 
even retina. 

It may be mentioned that some surgeons use a keratome 
in this operation. Some also cut off the iris with one snip 
of the scissors, the blades being directed at right angles 
to the direction of the forceps (Fig. 244). It is difficult 
to imagine how this can produce an absolutely peripheral 
coloboma. 



Fig. 245.—Drawing up of 
the iris after extraction 
of cataract with incar¬ 
ceration of the pillars of 
the coloboma. 
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The after-treatment consists in complete rest in bed. The 
eye is dressed once daily ; neither mydriatic nor miotic is 
instilled unless complications supervene. 

The chief complications arising after the operation are 
extrusion of thTlens (due ffo too large a section), injury to the 
eye by the patient (usually during sleep) (vide p. 498), severe 
intraocular haemorrhage, &c. Delay in re-formation of the 
anterior chamber for several days may happen ; though unde¬ 
sirable, it will probably lead to no ill effects. The wound 
may bulge, with or without prolapse of iris or incarceration 
of the angles of,.tJ^.^Ql£d?QmaJn^the wound. A cestoid 
cicatrix may result, not altogether undesirable from the point 
oTview of filtration in chronic glaucoma, but liable to arouse 
iridocyclitis ot permit infect ion and panop hthalmitis. Bulging 
of the wound may be due to partim subluxation of the lens, 
which may necessitate extraction undef^'grave technical diffi¬ 
culties. Wound of the lens during the operation leads to 
traumatic cataract, also demanding extraction. 

Iridotomy is section of the iris without excision of any 
portion. • It is employed for making a new pupil when the 
normal pupil is closed or has been drawn up to the wound 
of a faulty cataract extraction with incarceration of the 
pillars of the coloboma. (Fig. 245). In such a case it is 
usually done as follows. A keratome incision 3 or 4 mm. 
long is made near the periphery of the cornea at the most 
suitable part, usually the temporal side. The direction of 
the section should correspond with the position of the. 
proposed puncture in the iris, t.e., it will be approximately 
radial. This facilitates the opening and shutting of the iris 
scissors, and minimises the bruising of the lips of the wound. 
The closed blades, one of which is pointed, of de Wecker’s 
scissors are passed into the anterior chamber. The pointed 
blade is forced through the iris and passed on horizontally. 
The blades are then closed, a horizontal slit being made in 
the iris. This cuts across the stretched fibres, which retract, 
leaving an oval artificial pupil. 

Iridotomy may also be performed by sawing movements 
with Ziegler’s sickle-knife (Fig. 269). 

Sometimes the iris can be hooked out through a keratome 
incision by means of an iris hook, and a piece cut off. This gives 
a good pupil, but is of course strictly speaking an iridectomy. 

The results of iridotomy for artificial pupil are often 
disappointing, the inflammatory reaction causing the gap to 
fill with exudate which organises into scar tissue. It is, 
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however, remarkable how little reaction follows in some cases, 
especially cases of syphilitic origin. 

Iridotomy may be a necessary preliminary to iridectomy in 
cases of bomb6 iris. It is then usually done by passing a 
Graefe knife across the anterior chamber, puncturing and 
counter-puncturing both cornea and iris. The iridectomy is 
done before the punctures become closed with exudate, which 
usually occurs soon. 

Division of Anterior Synechia is a form of iridotomy. The 
operation is too technical to be described in detail here. 


Operations upon the Sclerotic 

Sclerotomy. Puncture of the globe behind the equator 
(Posterior Sclerotomy) is sometimes performed by diathermy or 
a Graefe knife to reduce intraocular pressure temporarily in 
acute glaucoma. 

Sclerectomy. Anterior Sclerectomy is the name given to 
various operations for chronic glaucoma in which a fragment of 
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Fio. 246.— 
Bowman’s 
d i a c i s 8 ion 
needle, with 
stop. 



run. sue 


Fig. 247.— 
Saundera’s 
discission 
needle, with 
long cutting 



full size 


Fig. 248.— 
Lang’s knife. 


the sclerotic is excised. Removal by scissors, as in Lagrange’s 
operation, is now almost entirely replaced by trephining. ' 

DU. Of 171. 10 
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Trephining was first used for glaucoma by Argyll Robertson 
(1876), and re-introduced in 1909 by Freeland Fergus and 
R. H. Elliot. The details of the modem method have been 
elaborated chiefly by Elliot. The operation is indicated in 
chronic glaucoma and infantile glaucoma, and has been re- 
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Fio. 249.— 
Tooke’s angled 
corneal Bplitter. 



Fig. 250— Fig. 251.— 

Trephine. Elliot’s disc forceps. 



jommended in some forms of secondary glaucoma, e.g ., that 
ollowing cataract extraction, anterior staphyloma, &c. 

Instruments required: Lang’s speculum (Fig. 118), two 
aairs of fixation forceps (ordinary and claw), tenotomy 
icissors, iris repositor, Lang’s knife (Fig. 248), or Tooke’s 
uigled corneal splitter (Fig. 249), 1*5 mm., trephine (Fig. 
250), straight iris forceps or Elliot’s disc forceps (Fig. 251), 
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de Wecker’s scissors, needles, and needle-holder. The eye 
having been prepared and anaesthetised as indicated (p. 474), 
the conjunctiva is seized with ordinary fixation forceps 8 or 
9 mm. above the cornea. A large conjunctival flap is made, 
almost concentric with the margin of the cornea (Fig. 252) : 
the lower ends of the wound should be well away from the 
limbus, otherwise filtration is likely to be impeded owing to 
cicatricial tissue. The flap is dissected down to the upper part 
of the corneal margin and turned down over the cornea. It 
is kept stretched in this position with the iris repositor laid 
horizontally upon it. The subconjunctival tissue is divided 
with the Lang’s knife or Tooke’s angled splitter, the utmost 



care being taken to avoid button-holing the flap. The edge 
of the cornea is thus clearly defined, and the dissection is 
carried into the cornea so that the superficial lamell® are 
dissected up with the flap for about 1 mm. The trephine is 
then applied, so that half the aperture lies on the cornea, the 
other half on the sclera. The corneo-sclera disc is cut by a 
few rotatory movements. When the anterior chamber is 
entered aqueous escapes, and the pupil is displaced upwards. 
The trephine is removed, a knuckle of iris protrudes from the 
wound and the disc is forced out. It usually remains attached 
by a small hinge. By tilting the trephine slightly forwards, 
so that the corneal side of the disc is cut rather more deeply 
than the scleral, it is generally possible to insure that tlje 


IS—* 
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hinge shall be on the scleral side. The disc is seized with 
Elliot’s disc forceps and excised with de Wecker’s scissors 
(Fig. 253). The root of the Mils then picked up with straight 
iris forceps, drawn slightly downwards and from side to side 
so as to produce a peripheral iridectomy. The cornea is gently 
stroked downwards with a repositor until the pupil is round 
anti Clear 61 the Trephine hole. During these manoeuvres the 
assistant must keep the flap well stretched downwards with 
the repositor (not forceps) so as to avoid it also being button¬ 
holed—a rather serious accident. The flap is then replaced, 
fixed at the summit by a single suture, and smoothed 



Fig. 253. 


down ; the speculum is removed, and the lid lifted over the 
wound. 

There is a great tendency for iritis to develop immediately 
after trephining. Hence atropine should always be used on the 
following day and for several days afterwards. 

The chief comp lications at the operation are making the 
trephine hole Too-peripheral, often with consequent escajpe of 
vitreous and iffcarceration of the ciliary processes; button¬ 
holing the flap either with the trephine or de Wecker’s scissors ; 
escape of the corneo-scleral disc into the ant erior chamber * 
and non-presentation of iris in tne wound. The last com¬ 
plication is usually due to slow escape of aqueous owing to the 
trephine being blunt. 

There is often considerable delay in the re-formation of the 
anterior chamber. In rare cases it never re-forms, the lens 
becomes opaque, and vision is usually lost. 
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Later complications are iritis, detachment of the choroid 
(twZe p.'348), blockage of the w&und with iris, ciliary body, lens 
or vitreous, failure of filtration from dense cicatrisation, &c. 
Owing* to the prominence and thinness of the overlying con¬ 
junctiva late infection may occur long after the operation—it 
occurred in only 14 cases out of 536 trephinings at Moorfields 
Eye Hospital (Davenport). 

Operations upon the Lens 

Discission or Needling of the intact lens should rarely be 
performed after fifteen years of age; it may be employed up 
to thirty or even thirty-five, but the nucleus of the lens is then 
likely to give trouble. It is indicated in most cases of dense 
lamellar cataract, some cases of congenital cataract, and 
some cases of high myopia. Dis- 



conjunctival sac having been douched, and the speculum in¬ 
serted, the eye is fixed down and in (right eye) with fixation 
forceps held in the left hand. The needle is introduced just 
outside the limbus (Fig. 264), i.e., through the conjunctiva 
and sclero-cornea, in a plane parallel to that of the iris, 
at a point just above the horizontal meridian of the cornea. 
It is carried through the anterior chamber until the point 
reaches the lower part of the pupil. The handle is then 
slightly raised, so that the point just perforates the lens 
capBule. The handle is then moved so that it and the 
point move through arcs of circles which have their centre at 
the spot where the shaft is engaged in the comeo-sclera. 
Having thus made a curved, more or less vertical incision in 
the capsule, a second incision is made at right angles to it. 
This is done by very slightly withdrawing the needle so as ' 
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to disengage it. It is then passed farther on towards the left 
side of the pupil. The handle is again slightly raised, and 
at the same time rotated, so that the cutting edge is brought 
in contact with the capsule. As the needle is slowly with¬ 
drawn a straight incision is made in it in a horizontal direc¬ 
tion. When this is sufficiently large the handle is depressed. 
The handle is rotated so that the plane of the blade faces 
upwards, and the needle is quickly withdrawn from the eye. 
By withdrawing it quickly no aqueous should be lost. If 
much aqueous is lost, anterior synechia may result. Sterile 
atropine ointment is introduced into the conjunctival sac, 
and both eyes are bandaged. 

The most important point about after-treatment is keeping 
the pupil well dilated, which is done by atro¬ 
pine ointment three or four times a day. There 
is always some ciliary reaction. The amount 
of swelling of the lens fibres depends upon the 
size of the incisions in the capsule, but also 
varies with different lenses. The reaction is 
often very slight in cases of true congenital 
cataract; in these cases the iris responds 
scarcely at all to atropine. If it is particularly 
desired to avoid the necessity of a subsequent 
curette evacuation the incisions should be quite 
small in the first operation. If it is intended 
to perform a curette evacuation {vide p. 488) 
the incisions may be as large as possible, and the 
needle may even be introduced moderately 
F Z?e 2 ] 5 e r’s deeply i n t° the lens and the fibres broken up. 

knife? er 8 In these cases, and occasionally when it is not 
anticipated, there is great swelling of the lens; 
the anterior chamber becomes filled with flocculent masses ; 
there is intense ciliary injection accompanied by raised tension 
and pain. The tension sometimes subsides in a few hours with 
leeching, but if not must be relieved at once, or the sight will 
be seriously damaged by secondary glaucoma. A curette 
evacuation is then done {vide p. 488). In cases in which no 
curette evacuation is performed a second and third needling 
will usually be necessary before a clear opening is obtained. 
Intervals of several weeks or even months may elapse until 
the absorption set up by the previous operation is complete. 
The final needling will be of the type of a discission for secon¬ 
dary cataract. 

Since time is of little importance in the case of children 
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compared with safety to the eye, I prefer to avoid curette 
evacuation in these cases if possible. Simple needling causes 
little reaction, and septic infection is very rare if a subcon¬ 
junctival puncture is made, as recommended above. Excessive 
swelling of the lens and curette evacuation cause much more 
disturbance, and the risks of sepsis are greater, for the swollen 
lens substance is an excellent culture medium. 

Discission of Secondary Cataract (after-cataract) ( Syn .— 
Capsulotomy) is performed in exactly the same manner as 
discission of the soft lens if the after-cataract is not too dense 
to be divided by a single needle. Some surgeons advise 
needling every case of senile extracapsular extraction as soon 
as the eye has quieted down, i.e., in a fortnight or threfc weeks : 
the capsule is then soft and easily divided. If there has been 



Fig. 256.—Diagram of discission with two needles. 

iritis or iridocyclitis needling is contraindicated until all signs 
of inflammation have passed off ; hence a careful search for 
“ k.p.” must be made in every case. 

If the capsule is dense and thickened a Ziegler’s knife may 
be used (Fig. 255), or two needles may be employed, the shaft 
of the one used on the nasal side being bent to an angle of 
135°. By the latter method no undue strain is thrown upon 
the ciliary body, and the membrane is prevented from tearing 
away from the ciliary body instead of being torn in the centre. 
The eye is fixed by an assistant. The needles are introduced 
with the flat surfaces upwards through the cornea at opposite 
sides of it in the horizontal meridian, 3 or 4 mm. internal to 
the apparent margin (Fig. 256). They are passed through the 
centre of the membrane close to each other, and the cutting 
edges are swept in opposite directions, one up and the other 
down, care being taken that each needle rotates around the 
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spot on the shaft which is engaged in the cornea. In this 
manner the points are drawn apart, and the membrane is cut. 
A further attempt may be made to tear it in the direction at 
right angles. The needles are withdrawn quickly bo that 
aqueous may not be lost. Atropine is instilled, and the eye is 
bandaged. There is seldom much reaction, unless the previous 
operation has been faulty; in such cases the additional 
irritation may precipitate an attack of sympathetic oph¬ 
thalmia. 

When the membrane is very dense it is often best to divide 
it with scissors, as in iridotomy [vide p. 480); or the very 
ingenious canula-scissors may be employed. They were 
invented many years ago, but fell into disrepute owing to the 
loss of eyes from sepsis. They should be kept in alcohol when 
not in use. A small peripheral puncture with a broad needle 
is first made, and through this the canula-scissors are 
introduced. 

It may be mentioned that needling operations are by 
no means so simple as they appear in the hands of an ex¬ 
perienced. operator. Every movement of the needle must 
be made round the spot where the shaft penetrates the globe. 

Curette Evacuation or Linear Extraction is the operation 
whereby after discission, whether accidental (traumatic 
cataract) or intentional, the softened lens matter is let out of 
the anterior chamber. 

Instruments required: speculum (Fig. 240), fixation forceps, 
bent keratome, curette (Fig. 258), lens expressor (Fig. 262), 
iris repositor, irrigation apparatus (vide p. 498), (toothed 
capsule forceps). Local anaesthesia suffices, except in the case 
of children or unruly patients. 

The pupil must be fully dilated with atropine. The position of 
the section is of little importance; some surgeons place it above, 
where it is under the upper lid, others below. The surgeon 
stands accordingly either above or at the side of the patient. 

The conjunctival sac having been douched and the speculum 
inserted, the eye is fixed with fixation forceps. The keratome 
is passed through the cornea, 1 mm. internal to the apparent 
margin (cf. wound in Fig. 241), with the blade parallel to the 
plane of the iris. It is pushed on until the incision is about 
5 mm. long. The point may be dipped so as to -pass into the 
lens without disadvantage, and the incision may be increased 
as the keratome is being slowly withdrawn by extending each 
angle, using the two edges of the keratome like knives. Toothed 
capsule forceps may be introduced into the anterior chamber, 
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opened for 3 mm., gently pressed into the capsule and closed. 
Movements of 2 mm. to the temporal and nasal sides and 
upwards will remove a piece of capsule, diminishing the risks 
of dense after-cataract in the pupillary area. The tip of the 
curette is then gently insinuated just within the edges of the 
wound, not quite into the anterior chamber. Slight pressure 


(I 



FULL Size 


Fig. 267. — Graefe cataract 
knife. A slightly broader 
knife is used in cataract 
extraction than in glaucoma 
iridectomy; it has the ad¬ 
vantage of being less resi¬ 
lient. The knives used for 
glaucoma iridectomy are 
generally re-ground cataract 
knives. 



Fig. 268. — Oys- 
totome (Moor- 
fields pattern) 
and curette. 
(These should 
not be at the 
two ends of the 
same instru¬ 
ment.) 


is exerted upon the peripheral lip, and the soft lens matter 
travels along the groove of the curette. No attempt should 
be made to remove the whole of the lens matter, on account 
of danger of rupture of the suspensory ligament and escape 
of vitreous ; the remnants will be absorbed. There is no 
probability of the iris prolapsing or becoming incarcerated in 
the wound if it is properly dilated, but the repositor should be 
gently inserted so as to push back any lens capsule which 
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may have prolapsed. Sterilised atropine ointment is inserted, 
and both eyes are bandaged. 

Usually the ciliary irritation is greatly benefited by the 

operation. The greatest care 
must be exercised as to surgical 
cleanliness, for most of the 
accidents from infection in 
treating soft cataract occur, not 
from needling, but from curette 
evacuation. Anterior synechia 
of iris or capsule, iridocyclitis, 
or sympathetic ophthalmia may 
occur, but ore happily rare. 

Some surgeons extract soft 
cataracts by the linear method 
without previous discission. 
This mode of treatment is not 
advocated. 

Extraction of Senile Cataract 
may be performed with or 
without iridectomy. The iri¬ 
dectomy is performed by some 
surgeons six weeks or more 
before extraction. I advise this 
method only in certain cases 
of inaoiatuxe or complicated 
cataract (vide p. 316), and in 
Fk>. 259.—Sinclair’s angular cases where it is necessary to 

scissors, operate in spite of some doubt 

as to the sterility of the con¬ 
junctiva after thorough preliminary treatment. Infection is 
likely to be more under control after iridectomy than after 
extraction, and the behaviour of the eye in the first operation 
is a guide to its probable behaviour after extraction. 



In every case of cataract, before operating, the condition of 
the patient’s conjunctiva and 1 aeryrnal apparatus is thoroughly 
investigated as already indicated* (p. 470) and full pre¬ 
medication, regional anaesthesia and akinasia carried out. 

There are two chief methods of performing cataract extrac¬ 
tion : extracapsular and intracapsular. lutracapsular extrac¬ 
tion should be employed only by highly skilled operators. 
Extracapsular extraction with iridectomy (“ Combined Extrac¬ 
tion ”) is the simplest operation, and “ Simple Extraction ” 
(with or without a peripheral button-hole iridectomy) should 
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only be attempted after experience has been acquired by the 
combined method. 

There are many varieties of technique advocated by experi¬ 
enced operators. The simplest technique for combined 
extraction will be described first, and then a technique for 
simple extraction. Intracapsular extraction will be only 
briefly described. 

The surgeon stands above the head of the patient, making 
the section with his right hand for the right eye, and with his 



ruLL Size 
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full site 



Fia. 260.— 
Critchett’s 
lens spoon. 


Fin. 261.— 
Vectis. 


Fig. 262.— 
Amiga's len’s 
cxpressor. 


left hand for the left eye. Some surgeons stand below and at 
the side for the left eye, and cut away from themselves, using 
the right hand. 

Cataract Extraction with Iridectomy (“ Combined Extrac¬ 
tion ”). Instruments required : 5 c.c. syringe, eccentric end 
with bayonet lock for If inch needle (for facial nerve block); 

1 c.c. syringe with If inch needle (for Tenon’s capsule injec¬ 
tion) ; needle-holder ; No. 1 white silk on needle for skin ; 
straight scissors; speculum (Lang’s (Fig. 118) or modified' 
Amiga’s (Fig. 240)); Graefe cataract knife (Fig. 257); bent 
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iris forceps; de Wecker’s scissors; cystotome (Fig. 258); 
curette (Fig. 258) or lens expressor (Fig. 262); two iris reposi- 
tors; [Sinclair’s corneal scissors (Fig. 259); lens spoon (Fig. 
260) or vectis (Fig. 261); anterior chamber irrigator]. The 
instruments in brackets are not required for uncomplicated 
extraction, but must always be ready. 

The following description applies to operation upon the 
right eye. 

The speculum having been inserted, the patient is told to 
look towards his feet and a little outwards. A stitch is passed 




, * * 

H n Mm. 

Fio. 263. — A. Cataract section, commencing the counter 
puncture. B. Counter-puncture made. 0. Commencing 
the section through the limbus. 

through the tendon of the superior rectus (vide p. 473). The eye 
is fixed with fixation forceps applied just outside the limbus 
down and in, below the horizontal meridian of the cornea. The 
point of the Graefe knife is inserted in the apparent corneo-sclera 
margin at a point 1 mm. above the horizontal meridian of the 
cornea, care being taken that the cutting edge is upwards (Figs. 
263,264). It is passed across the anterior chamber to the corre¬ 
sponding spot on the opposite side, the point being aimed to 
emerge Ltao. on the corneal side of the limbus. Owing to 
its apparent displacement forwards by the corneal refraction, 
it will in this event emerge at the corneo-scleral mar gin The 
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knife is made to cut out in exactly the same manner as in 
iridectomy for glaucoma (q.v,), but following the corneo¬ 
scleral margin. A conjunctival flap should be made as in that 
operation, but it will be narrower at the sides, since the section 
is farther forwards. It may be made slightly broader above 
by carrying the conjunctival incision a little upwards after 
the corneo-sclera has been divided before turning the knife to 
cut directly forwards. The conjunctival flap is then turned 
down over the cornea by means of the back of the knife. 

The fixation forceps are then removed. If the patient 
is unsteady the eye is controlled by the superior rectus stitch. 
The iris forceps are taken in the left hand and the de 
Wecker’s scissors in the right (irrespective of the eye which 
is being operated upon). The closed points of thff forceps are 



Fig. 204.—Diagram of 
wound in extraction of 
senile cataract. 



Fig. 266.—Diagram of 
ooloboma in cataract 
extraction with irideo- 
tomy. 


inserted at the centre of the wound and passed straight 
downwards to just above the pupillary margin of the iris. The 
blades are opened slightly and the iris seized and drawn out of 
the wound. The piece of iris grasped is cut off with one snip 
of the de Wecker’s scissors, the blades of which are held radially 
to the iris, i.e ., with the points directed upwards (Fig. 243). 

The iris repositor is now taken and the iris replaced as in the 
operation for iridectomy (q.v.). Particular care is taken to 
free it from the angles of the wound, usually an easy task at 
this stage owing to the support afforded by the lens and the 
smoothness of the surface of the capsule. 

The patient still looking towards his feet, the cystotome 
is introduced with the cutting edge directed towards the left 
and slightly upwards. It is passed on until the point is near 
the lowest part of the pupillary margin. The cutting edge 
is then directed backwards, the handle is slightly raised, and 



494 


DISEASES OF THE EYE 


the lens capsule is incised vertically as the instrument is 
slowly withdrawn. 

The cystotome is then taken in the left hand, and the 
curette or the less expressor in the right. The back of the 
curette or the lens expressor is placed horizontally upon the 
lower part of the cornea. Gentle but firm pressure is made 
upon the cornea in a direction backwards and slightly upwards. 
This causes the nucleus of the lens to be tilted so that the 
upper edge appears presenting in the wound. The lens 
nucleus is coaxed out of the wound by repeating the pressure 
with the curette, but more and more in an upward direction. 
Meanwhile the lens may be gently helped out by the cystotome 
in the left hand. As soon as the diameter of the nucleus has 
passed through the wound, pressure upon the cornea is imme- 



Fio. 266.—Diagram of Moorfields’ cataract bandage. The semicircular 
opening is for the bridge of the nose. The upper and lower tapes are 
passed above and below the ears. The long single tapes pass behind 
the head and are brought forward and tied over a pad of wool placed 
at the upper part of the bandago over the forehead. 


diately relaxed. The nucleus is directed down over the cornea 
into the curette. 

If there is much clear soft lens matter, this is coaxed out 
of the wound by gently repeating the stroking movements 
on the cornea, or the anterior chamber may be irrigated. 

The pris repositor is now again used to free the iris from the 
angles of the wound. If the iris has been carefully replaced 
after the iridectomy, as recommended above, little trouble 
will probably be experienced at this stage. If this step has 
been omitted it is likely that the nucleus may have jammed 
the iris into the angles of the wound during its expulsion and 
there may be great difficulty in freeing it. In addition, the 
repositor is swept over the whole line of the wound, so as to 
push back into the anterior chamber any tags of capsule 
which may be presenting. These are so transparent as to 
be invisible, and it is extremely important that they should 
not become incarcerated in the wound. 

The conjunctival flap is then turned back to its normal 
position by the repositor, care being taken that it is not 



OPERATIONS UPON THE EYEBALL 495 


doubled up, A drop or two of warm atropine solution (1 per 
cent.) is instilled. The speculum is removed ; the lid is raised 
ofi the globe and lowered over the eye by the lid stitch, which 
is then anchored to the cheek by adhesive plaster. 

Both eyes are covered by a layer of wide-mesh gauze, soaked 
in refined sterile liquid paraffin, and this is covered by a pad 
of cotton-wool moistened with normal saline solution. A pad 
is put over the other eye, and both are bandaged with a 
many-tailed or a Moorficlds’ (Fig. 266) bandage. A Cartella 
shield (Fig. 267) is placed over the operated eye and secured 
by strapping. 

Remarks u p on I he O ver ation. The size of the section depends 
uponThe'prc^^nucleus of the lens. t It must be 
remembered that the cortex is soft and broken up ; the width 
ot the incision must be slightly 
larger than the diameter of the 
nucleus. In black cataract the 
whole lens is sclerosed, so that 
a very large section must be 
made ; in these cases it should 
involve half the circumference 
of the cornea. More harm is 
done by bruising the edge of 
the wound than by having a 
wound which is unnecessarily 
large. If the nucleus does not Fig. 2(37.— “ Cartella ” shield for 
come forward through the wound right eyo. 

with moderate pressure of the 

curette it is probably because the s ection is too small . The 
wound should then be enlarged with the probe-pointed bent 
scissors (Fig. 259). The probe-point of one blade is inserted 
between the iris and cornea at one angle of the wound, 
which is then extended by a single snip. The same manoeuvre 
may be repeated at the other angle. 

In making the section the a queous may escape prematurely , 
so that the iris floats up in front of the knife. If this happens 
the k nife should be raised as if to **** ffTWftrfl ; the 
aqueous, dammed up in the posterior chamber, can then flow 
forwards through the pupil and the iris fails back. If this 
manoeuvre fails, the section must be completed in the usual 
manner, though the iris is wounded, either a hole or a complete 
coloboma being cut out of it. Cutting the iris causes pain 
unless Tenon’s capsule has been injected and is likely to make 
the,patient flinch, screw up the eye, or completely lose self- 
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control. Moreover, the coloboma Is generally irregular. The 
accident is usually due to hesitation in pushing the Graefe 
knife steadily forward or to -pressure—often unconscious— 
exerted on the eve bv the fixation forcep s. It is least likely 
to occur if the passage of the knife through the anterior 
chamber and the commencement of the section are all part 
of a single steady forward sweep of the blade, the handle of 
the knife being depressed directly the counter-puncture iB 
made. In thiB manner the broad part of tne blade is brought 
over the iris as quickly as possible. There should, however, 
be no haste, every movement being made with deliberation 
but not too slowly. 

Old people sometimes have very rigid sclerotics. In these 
cases the cornea collapses and becomes saucer-shaped. This 
is of no consequence and requires no special treatment. 

Sometimes a bubble of air enters the anterior nhamtipr 1 
This also is of no consequence, as it soon becomes absorbed. 

The iris is more easily cut off by holding the de Wecker’s 
scissors at right angles to the direction of the forceps, i.e., 
horizontally (Fig. 244). This makes a larger coloboma, which 
is unnecessary and has some disadvantages. 

Haemorrhag e may occur into the anterior chamber. The 
blood is derived from the conju nctival flap or from an hyper- 
semi c iris. An attempt may be made to wash it out by irriga¬ 
tion before it clots, or to remove the clot with forceps. 

The capsule is divided in all sorts of different directions by 
different operators. Some surgeons remove part of the anterior 
capsule by capsule forceps {vide p. 488), which has very decided 
advantages, but has also its own special dangers. 

The most serious accident which may occur during extrac¬ 
tion is prolapse o f vitr«>nnfl n.t, an early stage. It may be due 
to inherent weakness of the suspensory ligament, which gives 
way while the section is being made or the iridectomy done. 
This cause is most likely to be present in complicated cataracts. 
In such cases it is a good plan to discard a speculum and rely 
on the lid stitch to keep the eye open. More commonly 
loss of vitreous is due to undue pressure on the eve bv[ : 
the fixation forcep . In concentrating all their attention^ 
on the section beginners often allow the left hand to dig the 
fixation forceps into the globe. Special attention must there¬ 
fore be devoted to the avoidance of this mistake, which has 
also the lesser disadvantage of forcing but the aqueous and 
allowing the iris to float up in front of the knife. Escape of 
vitreous may alBo be due to pressure with the curette in , the/ 
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attempt to expel the lens. The necessity of such great pressure 
is probably owing to the wound being too small or to the 
capsulotomy having been inefficiently performed. The former 
contingency has already been dealt with. The latter is over¬ 
come by more careful repetition of the capsulotomy. If 
pressure with the curette causes the vitreous to appear without 
any sign of the engagement of the edge of the lens in the 
wound reBort must be made at once to scoop extraction. 
Hence the importance of having the spoon or vectis always in 
readiness in every case of extraction. The spoon is pas sed 
directly backwards into the vitreous so as to makcT certain 




the spoon and the 


s o that the lens is cau 

of the cornea. ^Tjbie lens is kept pressed up against the cornea 
and is removed by a rapid further rotation of the spoon. 
Some vitreous is usually lost, but it is imperative that the 
lens should be delivered, or the eye will almost inevitably 
be lost. The eye is dressed at once in these cases without 
any endeavour being made to replace the iris, as any such 
manoeuvre is likely to lead to further loss of vitreous. In 
spontaneous rupture of the suspensory ligament and in 
other cases badly managed the lens ma y sink back into the 
vitreous. In such cases it is ususSlyiufile to attempt to 
remove it. The eve should be dressed at once, and if the lens 


remove it. The eye should be dressed at once T and if the lens 
floats up into the pupilla ry area at a later date a further 
attempt maydse made to remove it. 

Prolapse of the vitreous after delivery of the lens is less 


s erious , though it increases tne tendency to cyclitis, with 
opacities in the med ia, and may be followed bv detachment 
of the retina . If much vitreous is~Tost the iris is always 
gradually drawn upwards, so that in course of weeks or months 
the pupil is much displaced and the lower part of the iris 
stretched (Fig. 245). This condition may also occur from 
incarceration of the pillars of the coloboma in the wound. 
It may be necessary to do an iridotomy or some such operation 
to make an artificial pupil so that vision may be restored. 

When the cataract is Jmmatur e some of t he soft lens cortex 
remai ns inrhe ey e, so that the pupu is not black but contains 
gre^slSrlnaMes. Much of the retained lens substance can be 
removed by stroking the cornea upwards with the curette or 
lens expressor, repeating the movements used for delivering 
the lens, but with less pressure. It is usually impossible to 
remove it entirely in this manner. If it is left in the eye it 
gradually becomes absorbed, but it has the disadvantages of 
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tending to irritate the eye and cause slight iridocyclitis, and 
of leading to the formation of a denser after-cataract. Some 
surgeons irrigate the anterior chamber with normal saline 
solution. This method gets rid of the lens substance, but 
may occasionally set up a mild iridocyclitis, in spite of the 
strictest antiseptic precautions. Irrigation may be performed 
with an undine, to the nozzle of which an india-rubber tube 


is attached, having a flattened canula at the other end. 
The tip of the canula should be introduced just inside the 
lips of the wound, and the undine should not be held too high, 
only a gentle stream of fluid being used. 

After-t reatment . There is usually some achin g amLsmartin gV 
j jS^Beev eas^o?n as the effects of the pantocamwear off It 
lasts for four or five hours : hence it is best to operate in the 
morning so that the patient may have a good night’s rest. If 
the pain interferes with sleep a dose of aspirin will usually 
relieve it, or a mild bromide draugh t may be given. 

The patient lies quietly upon his back, with the head and ( 
s houlders rais ed. He is directed to avoid all straining. _A 
sneeze may be inhibited by pressure with the finger on t he 
upper lip close to the septum of the nose . All patients' 
should have Iheir hands loosely tied to the bed at night, so 
that they are unable to touch the eyes. Many eyes are lost 
from neglect of this precaution, for patients often knock or 
rub their eyes when they are half asleep. 

The fpod must be fluid du ring the first few days ; no ( 
aperient is given for two or three days. 


On the day following t he operation the bandage is remove d,, 
the lids are balhed with warm boric lotion , gently separated 1- 
and a drop of sterile 1 per cent, atropine solution instilled. 
The wound may be inspected, but should not be disturbed 
more than is absolutely necessary. 


On the second day it is examined more thoroughly. The 
c ornea should be brig ht, and the pupil round and w ell dilated . / 

4- V, HI 4- n AiM>ril 4 tT n 10 J 


Famt greyness in the cornea above (s triate opac ity, vide 
p. 248) need c ause no alar m. A nother drop of atropine is 
instilled. If the pupil is not well dilated on the third da v 
there is probably some trace of iritis, and the atropine shoul 


be msftflen mnrAfrp,rm pnt.lv and it may be advisable to resort 




to hot bathing s. In most cases there is no iritis, and after a 
transient ciliary injection the eye quiets down, so that it is 


almost free from injection in a week or ten days. 

On the see.ond d av the unoperated eye may be left unban -r, 
igfid. If both eyes are kept bandaged too long old peoplev 
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often become d elirious . On the slightest sign of wandering 
in speech the unoperated eye should be uncovered at once. 
If this eye is blind or has very defective vision the dressing 
should be taken off the operated eye, and dark protective 
goggles worn during the daytime. 

It is wise to keep healthy patients in bed for a week. Most 
cataract patients, however, are old, and extremely liable 
to hypostatic congestion of the lungs. Such patients should 
be propped up in bed immediately after operation, and allowed 
to sit up out of bed soon after. A light dressing is kept on for 
a week ; afterwards smoked glasses are worn until cataract 



Fig. 2(58. 


glasses can be ordered, i.e., in about six weeks. It is very 
important that smoked glasses should be worn continually, 
otherwise the patient is quite likely to develop erythropsia 
(q.v.). 

Cataract Extraction without Indectormj_ (“ Simple Extrac- 

suture may be 

advisable. Many different types have been advocated but 
the simplest is that illustrated in Fig. 268. A comeo-scleral 
eyeless needle armed with 000 black silk is passed through the 
superficial layers of the cornea transversely for 2-5 mm. at 
a point about 1*5 mm. on the corneal side of the limbusit 
is then passed through conjunctiva and episclera 2-5 mm. 
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above and exactly opposite and parallel to the direction of tbe 
corneal suture (Fig. 268). Tbe corneo-scleral section is made 
between the corneal and scleral insertions. 

Tbe operation is performed in tbe same manner as that 
already described except that the iridectomy is omitted. 

If the iris impedes the delivery of the nucleus it may be 
retracted upwards by a blunt iris hook. 

When the lens has been extracted an iris repositor is inserted 
and the iris stroked back into position. The pupil should be 
quite round: if not, or if the iris tends to prolapse, the 
periphery is gently drawn out of the wound by iris forceps and 



Fig. 269. 

the smallest possible fold is snipped off with de Wecker’s 
scissors. The iris is then again replaced with the repositor. 

If much soft lens matter remains in the eye, as in immature 
cataract it may be removed by massage or irrigation (vide 
p. 498), and the iris again replaced. 

The corneo-scleral suture is tied firmly enough to coapt 
the edges of the wound, but not tightly. The conjunctival 
flap is stroked into position, and the eyes bandaged. 

Comparing the two operations, it may be succinctly stated 
that the chief advantages of simple extraction are : Simplicity 
of the oper ation, mcluaibg especially m inimum of mutilatio n, 
of i nstruments required, and o f instruments introduced int o 
the Interior of the e ye ; o ptical advantages of a round pupi l 
—minimal dazzling, b eet visua l acuity, and best fie ld: cos- 
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If there is any difficulty in replacing the iris after a simple 
extraction, or if the pupil, when the iris is reposed, is not quite 
circular, an iridectomy should be done at once. Prolapse is 
liable to occur within the first twenty-four hours after the 
operation. If it is not treated by an immediate iridectomy a 
very serious condition will result. The incarcerated iris will 
fail to withstand the intraocular pressure and a “ cystoid 
cicatrix ” will be formed. Visual acuity will be diminished by 
excessive astigmatism and the eye exposed to grave danger 
from iridocyclitis, and even panophthalmitis or sympathetic 
ophthalmia. 
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Many of the disadvantages of both operations, including 
the danger of prolapse of iris, are obviated by a modification 
in which after simple extraction has been performed a small 
button-hole is made in the periphery of the iris ( peripheral 
iridectomy) ( vide supra). The aperture in the iris is peripheral, 
so that it is almost entirely hidden by the sclerotic, and in 
any case is completely covered by the upper lid, while at the 
same time sufficient drainage from the posterior into the 
anterior chamber is provided for. Prolapse of iris is less likely 
to occur than in simple extraction', and it is quite unlikely 
that the capsule will be left entangled in the wound, a 
decided drawback to extraction with the ordinary form of 
iridectomy. 

IntraccwsularE^^^ In this operation a larger section 
is'hie^SSar^lIaniorextracapsular extraction : it should pass 
across the full horizontal diameter of the corne a. After the 
section is made a complete or small button-hole periphera l 
iridectomy is performed—according to the judgment of the 
surgeon. Capsule forceps (such as Knapp’s or Arruga’s) are 
introduced closed to the temporal side of the iridectomy. On 
reaching the pupil margin the blades of the forceps are moved 
over the anterior capsule in the sagittal plane and are stopped 
over the thickest part of the capsule just in front of the equator 
near the lower edge of the lens. The blades are then opened 
3 mm., pressed gently backwards to engage the capsule, and 
closed. Gentle rotating, zigzag movements are made so as to 
rupture the suspensory ligament. These movements increase 
in excursion, and not until the lower edge of the lens is felt 
to be free and to move forwards is any attempt made to lift 
the lens and tumble it forwards. The remainder of the 
manoeuvre consists in holding the capsule without pulling on 
it, and using the lens expressor in the usual way, keeping it 
just below the lowest part oTtheTens durlhg delivery. When 
the lens is in the w T ound it is important to complete the final 
stage slowly and deliberately, allowing the vitreous to gravitate 
and the iris to slide back in place. When the lens has been 
removed the corneo-scleral suture is tied, sterile drops of 
eserine (1 per cent.) are instilled", the iris replaced, and the 
conjunctival flap adjusted. 

The chief complications_jirising ajUr_jMtamct extraction 
ar ^tnat^^^eratifi P rr TT'ig. 149), incarceration'of thelris in 
the angles of the wound, prolapse of the iris, iritis, ir idocyc litis, 
sy mpathetic ophthalm ia, "se condary glaucom a, in traocu lar 
tu<annf>yrTin|go | nf f.hp wfvrmd. pan ophthalmitis , &C. 
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Prolaps e of Iris is most apt to occur after simple extraction, 
but may affect either pillar of the coloboma in combined extrac¬ 
tion. It usually occurs in the first day or two, but may result 
later from injury to the eye by rubbing or knocking it, straining, 
coughing, &c. It must be treated at once by excision of the 
prolapse. As the iris is irritable the operation is painful, and 
general anaesthesia or retrobulbar local anaesthesia is generally 
necessary or advisable. The wound is re-opened by insinuating 
the tip of an iris repositor under the conjunctival flap and gently 
uncovering the prolapse. The flap is turned down over the cornea, 
the iris pulled out with iris forceps and snipped off with de 
Wecker’s scissors. The iris is then replaced with a clean repositor 
and the conjunctival flap brought back into position. A small 
subconjunctival knuckle of iris can sometimes be replaced by an 
iris repositor, but it is generally wiser to snip it off. * 

Delayed Reformation of the Ante rior Chamber may be due to a 
jagged section, over-riding ot the lower lip of the wound, or to no 
apparent cause. It is much less common in cataract extraction 
than after glaucoma iridectomy or trephining. In these cases the 
bandage should be very lightly applied or discarded, dark protec¬ 
tive goggles being worn in the daytime, and a light bandage with 
wire or cartella shield at night. 

Delayed Healing of the Woun d is more likely to occur with a 
purely corneal section, such as some surgeons prefer. The patient 
should be kept in bed until it is firmly healed, unless this is 
specifically contraindicated (vide p. 499). Delay in healing is, 
however, generally due to incarceration of iris or capsule in the 
wound. If this amounts to an actual prolapse it must be operated 
upon (vide supra), but it may be very insidious. In either case 
the result may be the formation of a. cystoid cicatrix , part or the 
whole of the scar slowly and gradually becoming more and more 
ectatic. The eye should be carefully examined to see if the pupil 
or either pillar of the coloboma is drawn up, or if capsule can be 
seen in the wound. A fully developed cystoid scar should ho left 
alone, though it causes much astigmatism and is liable to give 
rise to secondary infection, or iridocyclitis and even sympathetic 
ophthalmia. 

Expulsive Haemorrhag e is fortunately rare. It occurs during 
or'soon after operation in old people with arteriosclerosis or 
some diathesis, such as diabetes. There is sudden severe pain, 
and on removal of the dressings the wound is found to be gaping 
and filled with blood clot, vitreous, &c. The eye is always lost 
and should be excised. This may be necessary in order to stop 
the bleeding, the socket being then packed and firmly band aged. 
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Septic Infect ion may occur in spite of all precautions, especially 
in diabetic patients. It is most commonly due to the pneumo¬ 
coccus, but may be caused by the streptococcus, staphylococcus 
aureus or even albus, and many other organisms. It usually 
occurs from the twelfth to thirty-sixth hour after operation. 
There is severe aching pain, due to the accompanying acute iritis. 
On removing the dressings the upper lid is cedematous. When 
the lids are separated tears gush out and there is muco-pus in the 
conjunctival sac. The lids should be separated gently, if neces¬ 
sary with retractors. The cornea is then seen to be dull and hazy, 
especially in the upper part, the lip of the wound being yellow. 
Almost invariably the infection spreads rapidly. Intense iritis 
is set up, the pupil and coloboma beoome filled with exudate and 
an hypopyon appears. Finally, the vitreous becomes infected 
and panophthalmitis leads to the destruction of the eye. 

Treatment is seldom of any avail, but must be applied quickly 
and energetically. The anterior chamber should be irrigated 
with a solution of pure penicillin (1,000 units per c.c.) which may 
be repeated on subsequent days; subconjunctival injections may 
also be given {vide p. 696). In addition sulphonamide treatment 
{vide p. 695) may be tried. A staphylococcic or polyvalent vaccine 
should be given and an autogenous vaccine prepared and 
administered as soon as possible. 

Iritis i n mild degree probably occurs in all cases of cataract 
extraction. In^more pronounced form it is specially associated 
with retained lens matter {vide p. 498) and diathetic states, such 
as diabetes, rheumatism, gout, &c. The worst cases occur with 
acute septic infection. Intermediate in severity are cases of 
plastic iritis due to infection by less virulent organisms or in 
patients with greater resistance to bacterial invasion. More 
insidious than any are cases of continued irritability of the eye 
with mild iritis. In these, spots of “ k.p.” are found upon the 
back of the cornea, so that there is also cyclitis. Both in these 
cases and in the cases of plastic iritis there is grave danger that 
the condition is really sympathetic ophthalmia. Hence it is very 
essential in all cases of cataract extraction to inspect the cornea 
most carefully with oblique illumination and the loupe and to do 
so frequently, especially if there is an unusual degree of flushing 
and lacrymation on exposure to light. The other eye must also 
be carefully watched. If there is “ k.p,” no needling operation 
must be undertaken until the eye has quieted down and remained 
quiet for many weeks. It is sometimes difficult to distinguish 
minute spots of lenB substance on the back of the cornea from 
true “ k.p.” ; they soon become absorbed. 

Detachment of the Choroid, Vide p. 348, 
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Secondary Glaucoma may set in after cataract extraction. It 
is probably usually” due to peripheral anterior synechia and 
incarceration of capsule in the wound {vide p. 282). Sometimes 
it is due to the anterior chamber being lined with epithelium. 
In these cases there has been delay in healing and the conjunctival 


epithelium has grown down into 
the anterior chamber and spread 
over the surface of the iris, lens 
capsule and cornea. These cases 
are practically hopeless and cannot 
be diagnosed clinically with cer¬ 
tainty. Sometimes secondary 
glaucoma follows needling of the 
after-cataract. It is usually then 
attributed to vitreous extending 
into the anterior chamber and 
interfering with filtration. It is 
doubtful if this is the true explana¬ 
tion. These cases usually do badly. 
As regards treatment, where there 
are definite adhesions of capsule an 
attempt may be made to divide 
them. These cases afford the best 
prognosis. In the more obscure 
cases a cyclodialysis is usually the 
operation of choice, but if it fails 
the eye should be trephined. 

Excision of the Eyeball 

The appalling tragedy of re¬ 
moving the wrong eye is known 
to have occurred. The accident 
is most likely to happen when 
there are no superficial evidences 
of disease, as for example in ex¬ 
cision for sarcoma of the choroid. 
It is well to m ark the forehead 
above the eye "T o be rem ove d 
Before thelmeitEetic is adminis¬ 
tered. 



Fig. 270.—Tenotomy scissors. 


A general anaesthetic o r d eep local anaesthesia is required. 
The operation can be performed almost painlessly under 
novocain {vide p. 471), and this method is sometimes advisable 
in old people with diseased arteries, or in patients with heart 
disease. 
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Instruments required: speculum (preferably Lang’s), two 
pairs of fixation forceps, tenotomy scissors (Fig. 270), strabis¬ 
mus book (Fig. 271), blunt-pointed scissors—straight or curved 
on the flat (Fig. 275). 

The surgeon stands above the patient. 

The conjunctival sac having been douched and the speculum 
inserted, the surgeon seizes the conjunctiva just outside the 
limbus at the highest part of the cornea. The conjunctiva 
is incised here with the tenotomy scissors. The point of one 



blade of the scissors is passed under the 
conjunctiva and pushed on as far as possible 
round the cornea. By carrying the point 
out under the looser bulbar conjunctiva it 
may be taken a third of the distance 
round the circumference; the edge is then 
brought close up to the limbus before the 
conjunctiva is divided. Still fixing the eye 
in the same position the manoeuvre is re¬ 
peated on the other side of the cornea. 
Finally, the portion below the cornea is 
divided. The conjunctiva should be divided 
completely round the cornea, and close to 
it, in three or four cuts. 

The peripheral edge of the cut conjunc¬ 
tiva is then taken up bv the forceps, and 
the bulbar conjunctiva is separated from 
the globe as far back as the equator in all 
directions by a series of small snips, the 
blades of the scissors being kept flat in 
close contact with the eyeball. In this 


mue hook, flat, manner the capsule of Tenon is simul- 
Moorfields’ pat- taneously opened. 

Uia ' The tenotomy hook is then taken in the 


left hand, the scissors being retained in the right. The recti 


muscles are taken up one by one and divided close to the 
globe. It is well to begin with the superior rectus , since 
it is the most difficult to get at, especially if the other recti 
have been previously divided. The tendon of the exter¬ 


na l rant,ns of the right ev e or the internaTTectus or the le ft 
e ye should be left lon gT^^C abtfques ariTfound by passing 
the hook farther back and carrying it round close to the 


globe. 

The speculum is then taken and held widely open and 
pressed back into the orbit. If the muscles have been 
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properly divided the globe springs forwards between the 
blades of the speculum. The other pair of scissors is now 
taken in the right hand. The appropriate long tendon stump 
is then seized firmly with toothed 
forceps and the globe pulled 
forward and rotated towards 
the left side of the patient so 
that the optic nerve is easily 
reached. The points of the 
closed scissors are passed into 
the orbit—to the outer side of 
the eye on—ihe ai de, to 

t he inne r on the left. The optic 
nerve is felt for with the closed 
scissors: it is easily recognised. 

The scissors are withdrawn a 
short distance, opened, and the 
blades pushed down, one on each 
side of the nerve, which is 
then divided. The sensation 
of dividing the nerve is unmis¬ 
takable. The eyeball can then 
be freely drawn forwards. 

There are probably some rem¬ 
nants of the obliques still at¬ 
tached to the globe. These are 
divided close to the eye. If the 
bleeding is profuse the inside 
of the muscle cone is packed 
with ribbon-gauze wrung out in 
hot saline: pressure is kept up 
for two or three minutes. The 
edges of the conjunctiva are 
then pulled together with the 
fixation forceps or better drawn 
together by a continuous silk 
suture, the lids closed, and the 
dressing applied. The latter 
should consist of a small spheri¬ 
cal pad of gauze, then a round flat pad of sterilised or cyanide 
gauze, then a thick round pad of sterilised wool. The bandage is 
applied with a firm pressure. The patient is kept in bed for 
one or two days. The suture is removed after forty-eight 
hours. 



Fia. 272.—Excision scissors. 
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If the globe is perforated and collapsed excision is more 


difficult. 


closed by sutures b efore 
1 children also excision is 


proceeding to excise the eye. In children also excision is 
difficult. The orbit is small in proportion to the size of the 
globe. Here the manoeuvre with the speculum to dislocate 
the ball forwards is often unsuccessful, and strong pressure 
may burst the eye. It is best levered out with the points 
of the excision scissors. 

It is very easy to cut the sclera instead of the nerve, 
especially with curved excision scissors. I always prefer 
straight scissors; indeed, straight instruments should always 
be used in preference to curved whenever it is possible, 
because it is much easier to judge the position of the point. 
Straight scissors are particularly indicated when the nerve 
has to be cut long, as in excision for retinoblastoma and 
sarcoma of the choroid. Special precautions must be taken 
in excision for panophthalmitis (vide p, 463). 

Mviscer aji 0 '^ of the ey eball is recommended only in some 
cases^oT^ano^tMhnitis (?•«>.). Some surgeons use it in 
ante rior stap hyloma and other conditions. Although the 
stump affords a good foundation for an artificial eye, the 
operation .is not to be recommended in these cases; it has 
been followed b y fivmp^hatif, ophthalmia. 

Excision, with the introduction of a glass globe in Tenon's 
capsule is a good method in carefully selected cases and affords 
admirable support to an artificial eye. The eye is much more 
movable than after simple excision, so that the simulation of 
a real eye is more exact. Care must be taken during the 
excision to keep close to the eyeball and to injure Tenon’s 
capsule as little as possible. The recti muscles are drawn 
together over the small glass globe by a buried purse-string 
suture of catgut (000,000, ten day). The conjunctiva is 
sutured by a superficial purse-string suture. There is some 
inflammatory reaction, with chemosis, but little or no pain. 
If the operation has not been well performed, the globe may 
slip into the orbit, becoming loose, usually beneath the lower 
lid. If this occurs it must be removed ana the case treated as 
an ordinary excision. More recently globes of plastic or spheres 
of tantallum mesh have been used into which an artificial 
eye may be inset: such a procedure is technically difficult 
but if successful the cosmetic results are excellent. 

An artificial ev e should not be worn less than six weeks 
after excision. A small evaJa first, worn for an hour or two a 

. .. * rr— tv~*' v 1 s 

e oomunctiva becomes us 
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Eight or nine weeks after the operation a full-sized eye may be 
worn. It is taken out at night, carefully washed, amTkepF in 
water. Various types of artificial eye are made, either of glass 
or plastic. Of the former, Snellen’s “ reform ” eye gives a 
better cosmetic effect after the ordinary excision than the 
old shell, which may be used when there is good support, as 
after insertion of a globe in Tenon’s capsule. Glass eyes tend 
eventually to become rough, in which event they must be 
discarded at once. This usually occurs from chemical action 
of the secretion upon the enamel in about a year, so that in 
any case a new glass eye should be obtained every year. 
Plastic eye a are more comfortable to wear than glass eyes and 
have the great advantages of being unbreakable and of 
adapting themselves readily to the temperature of the socket 
—a great advantage in intense cold. The methods of insertion 
and removal of the artificial eye should be learnt by every 
surgeon by seeing it done. 

Contracted Socket is the result of. .injury, f aulty excisi on 
cellu litis in the orbit al tissues, or the continuedTwearing of a 
rough artificial eye. The first three causes lead to the forma¬ 
tion of dense cicatricial bands across the socket, rendering the 
wearing of a prothesis impossible. The last cause usually 
results in obliteration of the lower fornix, so that the eye 
cannot be kept in place. 

Contracted sockets are very difficult to remedy. It is easy to 
divide the band s and make a new groove to hold the eye in 
position, but unless the wounds become covered with epithe¬ 
lium the edges heal together and no improvement is produced. 
A thorough dissection of all fibrous bands should be made, 
and the raw surface covered by a Stent mould . The Stent is 
cooled in situ by drops of cold saline and removed. A clamp 
is applied to the lower lip, which is then everted to expose its 
inner aspect. The Stent mould is placed over this, and a graft 
of mucous tissue nearly twice the size is cut. The submucous 
tissue is dissected off and the graft sutured in position. The 
Stent is secured in place over this by mattress sutures ; the 
eyelids are closed and covered with a dressing of tulle gras 
gauze wrung out in saline, and a pad and bandage. 

The greatest difficulty is to restore the lower fornix. Max¬ 
well's operation is the best for this purpose if the loweF lid" 
is uninjured. It is simple, but difficult to describe. An 
elliptical area of skin is marked out on the lower lid. The 
upper incision is carried through into the socket, in the 
position of the new fornix. The flap is about 8 mm. broad 
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in the centre. It is dissected up at the edges all round, but 
a central elliptical pedicle is carefully retained. The flap is 
tucked through into the orbit; the upper edge is sutured to 
the posterior lip of the conjunctival wound, and the lower 
edge to the anterior lip. The gap in the skin is then closed 
with sutures, and a glass shell is inserted in the socket. The 
pedicle ensures the vitality of the flap and also keeps the new 
fornix depressed to the level of the orbital margin. If much 
ectropion results the scar can be re-opened at a later date and 
a Wolfe graft of sufficient size inserted and sutured in 
position with eyeless needles and fine silk or gossamer horse¬ 
hair. A moulded Stent is placed over the graft and retained 
by mattress sutures and a strip of gauze secured to the adjacent 
skin by mafetisol. 

When there is a good upper fornix a simpler procedure may 
be tried. The conjunctiva is extensively undermined through 
a temporal vertical incision sufficient to admit a pair of blunt- 
ended scissors. When the conjunctiva covering the floor of 
the socket is free two or three mattress sutures are passed 
through it in the part designed to form the lower fornix 
(Fig. 342), and carried down through the periosteum of the 
intraorbital margin, the orbicularis and skin. They are then 
tied over pieces of rubber tubing. 

In bad cases of contracted socket it is necessary to dissect 
away all the remaining conjunctiva and fibrous tissue. As 
large a Stent mould as the socket will retain is then fashioned 
and its centre is perforated by a hole 2 mm. in diameter for 
the escape of discharge. An ample Thiersch graft is cut by 
Humby’s knife and wrapped round the Stent with its raw 
surface outwards. This is inserted into the socket and the 
lids are united by a central tarsorrhaphy. 
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ERRORS OF REFRACTION AND ANOMALIES 
OF ACCOMMODATION 

CHAPTER XXIII 

Retinoscopy 

(Before reading this section the student should revise his 
knowledge of the optical conditions of the eye and the methods 
of testing visual acuity by again reading Chapters III., IV., 
VII., and IX.) 

It has been already pointed out that the condition of the 
refraction of an eye can be estimated in various ways. The 
systematic examination of the visual acuity will in most 
cases indicate the absence or the nature of any error of refrac¬ 
tion. The examination with the mirror at a distance of 1 
metre also indicates the refractive condition by the visibility 
of retinal vessels and the direction of parallactic displacement; 
as will be shown below, this method may be made to give very 
accurate estimation of the exact refraction. The indirect 
method also indicates the refractive condition by the apparent 
change in size of the disc when the large lens is moved away 
from the eye. By the direct method the condition of the 
refraction can be accurately measured if the surgeon has 
acquired the ability completely to relax his accommodation. 

Retinoscopy, or, more correctly, skiascopy or the shadow 
test, is the most accurate means at our disposal of estimating 
the condition of the refraction objectively. It depends upon 
the fact, first pointed out by Bowman, that when light is 
reflected from a mirror into the eye the direction in which the 
light travels across the pupil varies with the condition of 
refraction of the eye. If the light is thrown into a myopic 
eye from a concave mirror at a distance of 1 metre the light, 
or, what is easier to observe, the shadow, moves across the 
pupil when the mirror is slowly tilted in the same direction 
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as that in which the mirror is moved (Fig. 273). If a plane 
mirror is used, the other conditions remaining the same, the 
shadow will be seen to move in the opposite direction to the 
movement of the mirror. If the eye is hypermetropic the 
direction in which the shadow moves is the opposite of that 
with the myopic eye. If the eye is emmetropic or has only 
a very low degree of myopia no shadow will be visible; 
the pupil will be either completely illuminated or completely 
dark. 

The light seen in the pupil is the blurred image of the 
illuminated area of the fundus as seen by the observer when 


o, o. 



Fig. 273.—Diagram of retinoscopy with a concave mirror. 0 1? the 
observed Sye; 0 2 , the observer’s eye. The image of the source of 
light is formed at l l (the immediate source of light) by the mirror. 

If Oi is hypermetropic a virtual image of l l is formed on the line 2 1 n, 
passing through the nodal point n, as at h v If O x is myopic a real 
inverted image is formed as at m v If the mirror is tilted downwards, 
as shown by the dotted line, l t moves to l v h t to h a , and m x to m a . 
This Bhows that the shadow moves in opposite directions in hyper- 
metropia and myopia. 

he accommodates for the observed pupil. The shadow is 
merely the image of the edge of the illuminated area. 

Imagine a point of light in front of an eye, the pupil being 
dilated and the accommodation paralysed by atropine (Fig. 
274). The divergent rays which enter the eye are made con¬ 
vergent by the refractive media, so that a circular area of the 
fundus, varying in size according to the refraction of the eye, 
is illuminated. If the point of light moves upwards, the light 
on the retina will move downwards. 

Now consider the rays of light which are reflected from the 
illuminated area. In the hypermetropic eye they will be 
divergent, as if they came from a point behind the eye. This 
far point, corresponding with the illuminated area, will move 
in the same direction, i.e., downwards. Now imagine an 
observer, placed in front of the eye, to look towards a point of 



RETINOSOOPY 


513 


light situated at the position of the far point, but to accom¬ 
modate for the position of the observed pupil. He will see a 
circle of light with a blurred margin, not a point, because he is 
not accommodating accurately for the far point. When the 
illumination on the retina moves down, the circle of light which 
the observer sees will appear to move down also (Fig. 274). 



Fio. 274.—Showing the course of incident rays and field of illumination 
of the fundus in hypermetropia. l t forms a virtual image at \ u 
? 2 at \ z . The field of illumination is determined by the pupil of 0|. 


Again, consider the rays of light reflected from the illumi¬ 
nated area on the fundus of a highly myopic eye. They will 
be convergent and will cross at a real point in front of the eye. 
This far point, corresponding with the illuminated area, will 
move upwards when the illuminated area moves downwards. 
An observer placed in front of the eye and farther from it than 
the far point, if he looks towards the far point but accommo¬ 
dates for the observed pupil, will see a circle of light with a 
blurred margin. When the illumination on the retina moves 



Fiq. 275.—Showing the course of incident rays in myopia. 


down, the circle of light which the observer sees will move up, 
i.e., in the opposite direction to the movement in the case of 
the hypermetropic eye (Fig. 275). 

Now suppose that the observer’s eye is one metre in front 
of the observed eye, and that the latter has 1 D of myopia. 
In this case the far point of the observed eye will be at the 
situation of the observer’s eye, say at the level of his pupil 
(Fig. 276). In this case a very slight movement of the light 
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on the observed fundus will throw the image at the far point 
off the observer’s eye altogether. In other words, the observed 
pupil will appear to be completely bright or completely dark. 

If, again, the observed eye is emmetropic, its tar point will 
be at infinity. We may regard it as being infinitely far behind 
the observed eye. Here, again, there will be scarcely any 
shadow, though in reality there is a very faint shadow moving 
in the same direction as for the hypermetropic eye. 

The above is a simple explanation of the theory of retino- 
scopy. The question of the type of mirror is an entirely 
subsidiary one. It merely has to do with the direction of 
movement of the immediate source of light, i.e., the point of 
light in front of the eye which has been considered above. The 
image of a real light behind the patient’s head, formed by a 
concave mirror, is situated in front of the mirror. If the 



Fid. 276.—Showing the course of the emergent rays at the point of 
reversal. So long as is in the pupillary area of O t , the pupil of O x 
appears uniformly illuminated, and there is no shadow. Directly 
Ai passes to A t the whole of the light is cut off, so that the pupil of 0, 
becomes completely dark. 

mirror is tilted up, the image moves up. The image of a real 
light behind th# patient’s head, formed by a plane mirror, is 
situated as far behind the mirror as the light is in front of it. 
When the mirror is tilted up, the image moves down. 

Hence under the actual conditions of retinoscopy with a 
plane mirror, when the mirror is tilted to the right the imme¬ 
diate source of light moves to the left, and— 

(а) In the hypermetropic eye, the circle of light on the 
fundus moves to the right, and the shadow seen in the pupil 
moves to the right; 

(б) In the myopic eye (above - ID) the circle of light on the 
fundus moves to the right, and the shadow seen in the pupil 
moves to the left; 

(c) In the myopic eye of — 1 D there is no shadow ; 

(d) In emmetropia and myopia of less than — ID there is a 
very faint shadow moving to the right. 

Stated as a mere guide to practice, with the plane mirror 
the shadow moves in the same direction as the mirror in 
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hypermetropia and in the opposite direction in myopia above 
one dioptre ; in myopia of one dioptre there is no Bhadow and 
in emmetropia and myopia of less than one dioptre there is a 
very faint shadow moving in the same direction as the mirror. 

In actual retinoscopy the whole of the image of the illumi¬ 
nated area of fundus cannot be seen at once; the shadow is 
part of the circumference. In high degrees of ametropia the 
shadow has a distinctly curved border, it is very dark, and it 
moves very slowly (Fig. 277). In low degrees of ametropia 
the border of the shadow looks straight; it is faint, and it 
moves very rapidly. 

The movement of the shadow, being a purely optical pheno¬ 
menon, is, of course, independent of the cause of the ametropia. 
Consequently, in astigmatism, if one axis is hypermetropic and 
the other myopic (mixed astigmatism) the shadow* moves in 
opposite directions in the two meri¬ 
dians. Often the periphery of the cornea 
is flatter than the centre ; correction of 
the refraction of the central part, which 
is the more important, will then differ 
from that of the peripheral part. 

These variations produce very puzzling 
shadows in many cases. 

Retinoscopy is applied to the estima¬ 
tion of refraction by placing correcting 
lenses in front of the eye and noticing p xu> 277. 

the effect upon the shadow. When the 

shadow has completely disappeared we know that the eye has 
been made myopic D 1 if the surgeon is at one metre from 
the patient. 

Retinoscopy is conducted in a dark room. The light is 
placed behind and above the patient’s head. The surgeon 
sits at one metre from the patient. The patient wears a trial 
frame ; the eye not under observation is covered by a screen. 
A mydriatic should be used by all but skilled observers, and 
is necessary to them in many cases. A plane mirror should 
be used. The patient looks at the observer’s forehead. 

The light is reflected into the eye, and the mirror is slowly 
tilted from one side to the other. The direction in which the 
shadow moves is noted. The horizontal meridian should be 
observed first, then the vertical. If the shadow appears to 
swirl round, not moving in the same meridian as the mirror, 
the eye is astigmatic, and the mirror is not moving in a direc¬ 
tion which corresponds with either axis. A direction of move- 

17—a 
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ment can then be found in which the shadow will move either 
directly with or against the mirror ; this is one of the principal 
axes of the astigmatism. The other axis is at right angles 
(regular astigmatism). 

If the shadow moves with the mirror a low convex glass 
is put in the frame in front of the eye. If the shadow still 
moves in the same direction a stronger convex glass is used, 
and so on until no shadow can be seen. A still stronger 
convex glass is placed in the frame. The shadow now probably 
moves against the mirror. We now know that the refraction 
has been over-corrected. The point at which there is abso¬ 
lutely no shadow—the point of reversal—is somewhere between 
the last two lenses, and we know that at that point the refrac¬ 
tion of the eye plus the lens is equivalent to one dioptre of 
myopia. If, for example, the shadow can still be seen to move 

with the mirror with -f 4 D 


A ... lens in the frame, and moves 

against it with + 5 D, we 
shall not be far wrong in con¬ 
sidering that the point of re- 
. /^^\\ versalis -j- 4-5 D. A + 4-5D 

* ' f . lens would therefore make the 

‘ \ yi eye one dioptre myopic. The 

/\ actual refraction is therefore 

■■■' b -f- 3*5 D. If there is no astig- 
q 1 - matism the patient ought to 

Fig. 278. be able to read 6/6 with this 

lens. If he is under atropine 
a further correction must be made before glasses are ordered. 
Atropine not only paralyses the ciliary muscle, but also inhibits 
the physiological tone of the muscle. This is found by ex¬ 
perience to be equivalent to about 1 D of accommodation. 
Hence the glass which should be ordered to correct the dis¬ 
tant vision after the mydriatic has passed off is + 2*5 D. 

Similarly for spherical myopia. Supposing — 4 D elimi¬ 
nates the shadow against the mirror and — 4*5 D gives a 
distinct shadow with the mirror, we know that — 4-25 D will 
leave the eye with still — ID. Hence the refraction under 
atropine is — 5*25 D. The correction for atropine gives — 6-25 D 
as the lens which corrects distant vision without a mydriatic. 
The tone of the ciliary muscle is often less in myopia than in 
hypermetropia : since myopia should be under- rather than 
over-corrected, it is wiser to order very little more than the 
atropine correction, e.g. } 5-5 D in the above example. 
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In astigmatism each principal meridian is corrected sepa¬ 
rately. When one meridian is approximately corrected the 
shadow assumes the shape of a band. The edge of the band 
is parallel to the axis of the corrected meridian. Even if the 
light is not moved in a direction accurately at right angles to 
this meridian the shadow still seems to move in the same 
direction. This is due to an optical illusion. If a straight 
edge, A B, is placed obliquely behind a circular hole in a card 
and is then moved horizontally in the direction of the arrow 
C, it will appear to be moving in the direction of the arrow D 
at right angles to its own edge (Fig. 278). The shadow is most 
sharply defined if the mirror is moved at right angles to its 
edge, i.e ., at right angles to the corrected meridian. 

The results are usually recorded thus (Fig. 279), the direc¬ 
tions of the lines indicating the directions of the axes :— 

The numbers should represent what the surgeon believes to 
be the refraction of the eye under the mydriatic, not numbers 



to which further modifications have to be made, e.g., the 
actual lenses used. In the examples given (a) is a case of 
regular simple hypermetropic astigmatism according to the 
rule; ( b ) regular mixed astigmatism according to the rule ; 

(c) regular compound hypermetropic astigmatism against the 
rule ; (d) regular compound hypermetropic astigmatism with 
oblique axes. The exact direction of the axis in astigmatism 
is usually determined by subjective trial. In children it may 
be found by placing the requisite cylinder in the trial frame 
and rotating it until no shadow can be observed in any direc¬ 
tion. In the examples given the correcting lenses required 
would be (a) + 2 D cylinder, axis vertical; (b) — 1 D sphere 
combined with -f 2*5 D cylinder, axis vertical, or -)- 1 • 5 D 
sph. ^ — 2-5 D cyl., axis horizontal; (c) + 1 D sph. 3 + 2 D 
cyl., axis horizontal, or + 3 D sph. 3 — 2D cyl., axis vertical; 

(d) + 2 D sph. 3 + 1 • 5 D cyl., axis 60° dpwn and in, or down 
and out, according as it represents the left or the right '"ye. 
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To avoid ambiguity in ordering glasses the axes of cylinders 
should be uniformly numbered according to the method 
commonly used by British opticians (Fig. 280). 



The shadows in regular astigmatism are not always easy to 
correct, owing chiefly to differences in curvature of different 
parts of the cornea. Usually the periphery of the cornea is 
flatter than the centre. The centre of the pupillary area will 
then be corrected by a different lens from the periphery, 
especially with the dilated pupil. From this cause various 
conflicting shadows may be seen, the commonest being the 

so-called “ scissors ” shadows, where 
two shadows appear to meet each 
other and cross as the light is moved 
in a given direction (Fig. 281). These 
difficulties are diminished with the 
undilated pupil, and an experienced 
retinoscopist can obtain reliable results 
under these conditions with an intelli¬ 
gent patient. Relaxation of the 
patient’s accommodation without a 
mydriatic is best obtained if the 
retinoscopy is done in a large dark 
room and the patient is told to look “ right across the room.” 
In conical cornea a triangular shadow with its apex at the 
apex of the cone, i.e., usually slightly below the centre of the 
cornea, appears to swirl round its apex as the mirror is moved. 

Retinoscopy is most valuable in determining accurately the 
amount of astigmatism, i.e., the difference between the two 
meridians. 

In irregular astigmatism the shadows move in various 
directions in different parts of the pupillary area; they 
cannot be accurately corrected by spherical or cylindrical 
lenses, but some improvement of vision may be obtained. 

In conclusion, a word of warning must be given. The correc- 
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tion of a given refraction by retinoscopy may be very easy or 
very difficult. A vast number of retractions should have 
been carefully corrected and confirmed by subjective tests 
before a surgeon should consider himself justified in ordering 
glasses without supervision from an expert. 



CHAPTER XXIV 


Errors of Refraction 

Myopia, or “ short sight,” is that dioptric condition of the 
eye in which, with the accommodation at rest, incident parallel 
rays come to a focus anterior to the light-sensitive layer of the 
retina. Myopia may be due theoretically to any of the follow¬ 
ing conditions :— A. Abnormal length of the eye— axial 
myopia. B*. Abnormal curvature of the refracting surfaces— 
curvature myopia: (a) too strong curvature of the cornea; 

(b) too strong curvature of one or both surfaces of the lens. 
C. Abnormal refractive indices of the media— index muopia : 
(a) too high index of the cornea or aqueous; ( 6 )~too hfgu total 
index of the lens, due to (a) too high index of the nucleus; 
(/3) too l,ow index of the cortex; ( 7 ) both these causes; 

(c) too low index of the vitreous. D. Abnormal .position of 
thejens, i.e., displacement forwards. E. A combination of 
the above abnormalities. 

It has been proved that emmetropic eyes may differ in length 
by as much as 1—2 mm., and that the radius of curvature of the 
cornea may vary from 7—8 mm. Emmetropia therefore results 
from the integration of all the variables mentioned in the previous 
paragraph. Statistically one might expect itB incidence to 
resemble the Gaussian frequency curve, but since the full develop¬ 
ment of emmetropia is never present normally at birth the curve 
will have a certain “ skew deviation.” Almost inevitably some 
cases will fail to reach emmetropia and remain hypermetropic, 
while others will proceed too far and become myopic. Of these the 
former are by far the more numerous. I am of opinion that many 
cases of low myopia come into this category. They cannot in 
the true sense be regarded as pathological, and they may be 
expected to remain permanently unprogressive (developmental 
myopia). I have observed many cases of low myopia, with normal 
fundi, which have remained stationary for many years. 

4 

There is no question that increased length of the eye is the 
most important factor in the high degrees. It is not improb¬ 
able that the other factors are of more importance than is 
commonly thought in the lower degrees. Curvature myopia 

A80 
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occurs commonly as a factor in astigmatism, but is rare as a 
cause of spherical myopia, and is then associated with disease 
of the cornea—conical cornea. Index myopia is seldom seen 
clinically, but it accounts for myopia as a premonitory symptom 
of senile cataract, when it is due to increased refractive index 
of the nucleus of the lens ; it also accounts for myopia in some 
cases of diabetes, with or without cataractous changes in the 
lens. 

The increase in length of the eye affects the posterior pole 
and the surrounding area ; the part of the eye anterior to the 



Fig. 282.—Horizontal sections of emmetropic and myopic eyes from 
the same patient superposed, showing the identity of the pre-equatorial 
regions. (Heine.) 

equator may be absolutely normal (Fig. 282). In most cases 
the myopia is of low degree, i.e., up to 5 or 6 D (simple myopia). 
Less commonly the error reaches a considerable degree in child¬ 
hood or early youth and increases steadily up to twenty-five or 
more, finally amounting to 15 to 25 D or more (progressive 
myopia). It is impossible, clinically or pathologically, to draw 
a distinct line of demarcation between the two forms. 

In low myopia the only sympto^ may be indistinct distant 
vision. In other cases ancTm mgh myopia there is often, in 
addition, discomfort after near work, due largely to dispro- 
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portion between the efforts of accommodation and con¬ 
vergence (vide p. 549). The eyes are unduly sensitive to 
light. Black spots are seen floating before them, and some¬ 
times flashes of light are noticed; the latter may occur irre¬ 
spective of any tendency to detachment of the retina (vide 
p. 378). In very high myopia the eyes are prominent, the 
pupils are large, and the anterior chamber appears deeper 
than normal, probably only owing to the dilatation of the 
pupil. There may be an apparent convergent squint due to a 
large negative angle 7 (vide p. 571). A true divergent stra¬ 
bismus may be found, either concomitant or affecting only 
one eye. Vision may be very poor, even with correction; 
scotomata may be present, both central and peripheral. 

Op^tfea\moscopioally, in low myopia there may be a quite 
normal fundus; the optical defect will of course be noticed, 
especially on examination by the direct method. In the 
majority of cases of moderate myopia there is a “ myopic 
crescent ” (Plate XVIII., Fig. 2). This is a white crescent at 
the temporal border of the disc; very rarely it is nasal. In 
higher degrees of myopia it may extend to the upper and 
lower borders, or a complete ring may be formed round the 
disc. The crescent is occasionally absent even in cases of 
high myopia. 

The bulging at the posterior pole in high myopia is called a 
posterior staphyloma. It is distinguishable clinically only 
by its optical and pathological effects. The term should not 
be used as a synonym for myopic crescent, as is often done. 
Optically posterior staphyloma causes the high error of 
refraction, and the edges may be actually visible by the 
indirect method owing to the presence of a crescentic shadow 
two or three disc diameters to the temporal side of the disc and 
concentric with it and to the change in course of the retinal 
vessels (staphyloma posticum verum). Pathologically, pos¬ 
terior staphyloma causes degenerative changes in the choroid 
and overlying retina: these are commonly described as 
“ myopic choroiditis,” but this term should be abandoned 
since the condition is non-infiammatory and should be called 
myopic choroido-retinal atrophy. The changes are generally 
limited to the posterior pole and the surrounding area 
(Plate XVIII., Fig. 2). Small yellowish, white, or pigmented 
spots, and not infrequently white branched lines, usually 
horizontal, are found at and around the macula. The spots 
coalesce, forming irregular areas which may extend to the 
disc. Patches of choroidal atrophy are co mmo n near the 
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disc; they may fuse with each other and with the myopic 
crescent so as to form a ring round the disc. Small foci occa¬ 
sionally occur at the periphery. Haemorrhages in the macular 
re ^°J? are generally described in high myopia. I believe them 
to be rare; the appearance of Bmall haemorrhages is very 
nearly simulated, but the spots undergo no change for an 
indefinite time ; they are probably due to bunches of dilated 
capillaries, usually choroidal, rendered visible by rarefaction 
of the retinal pigment layer. The retinal pigment epithelium 
often loses much of its pigment in high myopia, so that the 
fundus is tigroid, and the choroidal vessels are well seen; this 
condition is not inconsistent with good vision. 

Black specks in front of the eyes are often complained of in 
myopia. Dusty vitreous opacities may be visible with the 



Fio. 283.—Age incidence of ametropia. (Herrnhoiser.) 

Ordinates, percentages; abscissae, ages. 

ophthalmoscope (vide p. 110), or in high myopia large floating 
streamers. The normal muscse volitantes are seen more 
plainly by myopic than by other eyes, probably because the 
entoptic image is generally larger. 

A rare, but serious, change in the fundus is a small circular 
claret-coloured or black spot at the fovea. It may appear 
quite suddenly, being accompanied by great diminution of 
central visual acuity: it is probably due to intrachoroidal 
haemorrhage or thrombosis. 

Detachment of the retina is liable to occur spontaneously 
in about 5 per cent, of cases of high myopia, and not infre¬ 
quently is bilateral ( vide p. 378). 

Mti cHoQ y . Myopia is rare in the new-born, the percentage • 
of cases increasing rapidly during the first two decades, 
remaining constant afterwards at 10 to 15 per cent., as com- 





524 


DISEASES OF THE EYE 


pared with 30 per cent, for emmetropia and 50 to 55 per cent, 
for hypermetropia (Fig. 283). As regards sex, there is no ; 
doubt that the higher grades are commoner m women than 
in men. High myopia is as common among pea sants as 
among the educated classes who do more near worlL It is 
doubtful if near work is a cause of myopia, a view which has 
been held since the time of Kepler. There is, however, no 
doubt that it has a deleterious influence upon the disease. 
This has been attributed by Donders to (a) pressure of the 
extrinsic muscles upon the globe in strong convergence; 
(6) increased intraocular pressure from vascular congestion, 
due to the position of the head ; (c) congestion of the fundus, 
leading to softening of the tissues. Accommodation has long 
been indicte r d as a cause of myopia. Many facts are against 
this view, e.g. t (a) accommodation occurs much more forcibly 
in hypermetropia; (6) it does not increase the intraocular 
pressure ; (c) it does not affect the choroid farther back than 
the equator, and does not affect the sclerotic at all. 

The mechanism whereby convergence influences the pro¬ 
duction of myopia is the subject of many theories, e.g. t pressure 
on the vortex veins, increased intraocular tension and so on. 

Neither accommodation nor convergence alone suffices to 
explain the genesis of myopia. There must be some individual 
predisposition which provides any such accessory causes with 
advantageous conditions. There is probably a congenital 
weakness of the sclerotic. Other theories invoke shortness 
o£.thj^apticmcrye (certainly false), special conformation of the 
skull leading to increased interpupillary distance or alteration 
in the position of the pulley of the superior oblique, &c. The 
view that moderate and high myopia are essentially distinct 
diseases, due to different causes, is probably untrue. 

The cause of the myopic crescent has given rise to much 
discussion. " It is probably congenital in origin, allied to other 
congenital crescents (vide p. 405), but there is no doubt that 
it may become altered by the conditions obtaining in the 
myopic eye. Anatomically there is considerable distortion of 
the papilla in myopia. It has been attributed to dragging, 
produced by the development of the posterior staphyloma; 
whether caused thus or not, it is an influential factor. * Some 
authors ascribe the crescent to this cause (distraction crescent). 
In well-marked cases the head of the nerve is pulled over to the 
temporal side. The retina, including the pigment epithelium, 
is pulled slightly over the nasal edge of the disc (supertraction 
crescent). On the temporal side the pigment epithelium stops 
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short at a variable distance from the disc and the choroid is 
atrophic here (Fig. 285). This part appears ophthalmoscopi- 
cally as the crescent. 

The fact that the crescent may be absent in high myopia 
and is often present in low militates against the view that it is 
caused entirely by traction. It is not due to accommodation 
for the same reasons that myopia is not caused by this factor. 

As regards proqnosis, low or moderate degrees of myopia 
(up to 5 or 6 D), unless occurring in young children, have a 
good prognosis {vide p. 520). They are not likely to progress, 
and in some of the conditions of civilised life they may even be 
an advantage to the individual. The same condition in a child 




Fio. 285. 

Fio. 284.—Diagrammatio horizontal section of normal disc. 

Fio. 285.—Diagrammatic horizontal section of myopic disc. N, nasal 
side ; T, temporal side ; R. Pigment, retinal pigment epithelium ; 

R, retina ; Oh., choroid ; Scl., sclerotic. (Modified from Heine.) 

before the age of schooling, is of grave prognosis, because it is 
almost certain to progress, so that in a few years there may be 
10 or 15 D of myopia, accompanied by serious fundus changes 
and defects of vision. The prognosis in high degrees of myopia 
is always grave. It must be judged by the acuity of vision 
after correction and the condition of the fundus. In all cases 
there is some danger of retinal detachment occurring. 

Treatment consists in wearing suitable correcting glasses 
and" attention to the hygiene of the eyes. Each case must 
be considered on its merits. 

As regards the ordering of glasses in myopia, every surgeon 
agrees that myopia must never be over-corrected. Opinions 
differ as to details. In low myopia, up to 5 or 6 D (young 
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children excepted), no harm is done by ordering the full 
distant correction for constant use, but if this is done the patient 
must be warned not to hold near work closer than ordinary 
reading distance. Many surgeons order glasses weaker by 
2 or 3 D for near work. This has the effect of making the 
patients artificially presbyopic, i.e ., if they hold the work at 
reading distance they exert 2 or 3 D less accommodation than 
an emmetropic person would do, or than they themselves 
would do if wearing full correction. Many patients are more 
comfortable for near work with the weaker glasses; others 
find no benefit. There is no doubt that the principle is 
derived from the fallacy that accommodation, per se, has a 
deleterious effect upon myopia. But there are some inherent 
objections to the weaker glasses. The patients often bring 
their work closer than reading distance. As far as accommoda¬ 
tion is concerned this matters less with the weak glasses 
than with the strong, but mere accommodation is of little 
importance. It is convergence which is the important factor. 
In order to read at reading distance there must be some con¬ 
vergence. If the artificial presbyopic correction is given no 
stimulation to converge is supplied by the act of accommoda¬ 
tion, so that in order that physiological requirements may 
be satisfied the visual axes should be parallel. This can only 
be effected by combining the glasses with prisms, baBes in 
(vide p. 550). If the work is held too near still more con¬ 
vergence is required, and the arguments apply still more 
strongly. 

In general, in low myopia, the full correction may be ordered 
for constant use, with minute instructions as to near work; 
in the event of any discomfort being experienced, weaker 
glasses should be ordered for near work, especially if much 
reading and sewing, &c., is engaged in. Children should wear 
their distance corrections, and wear them constantly—not 
specially in the interests of their eyes, but in the interests of 
their mental development. For children with even low 
degrees of uncorrected myopia cannot be expected to take a 
normal interest in their surroundings, Bince they cannot see 
distant objects as clearly as their fellows. Their mental 
horizon is constricted, they tend to become unduly intro¬ 
spective, and they are thrown more and more into finding 
their interest in reading and near work, so that it becomes 
more difficult than ever to restrict such work. 

In young people with intermediate grades of myopia it is 
well to err on the safe side and order a slight under-correction. 



ERRORS OF REFRACTION 


527 


In such cases, however, the patients will often peer obliquely 
through the glasses, which improves the definition in spite of 
the astigmatic effect of tilting strong lenses. 

In high myopia it is wise always slightly to under-correct 
even for distance, and the same or still weaker glasses may be 
ordered for near work. In the highest grades the patient often 
sees best with glasses which are decidedly weaker than the full 
correction ; he should be allowed to choose those he prefers. 
One reason is that the strong minus glasses very markedly 
diminish the size of the retinal images and make them very 
bright and clear. The retinal images are diminished because 
the glasses have to be worn farther from the eye than the 
anterior focal plane (vide p. 42); glasses for high myopia 
should therefore be made to fit as close to the eyes as pos¬ 
sible : toric lenses may be ordered, or the eyelashes cut 
in order to prevent them from rubbing upon the glass. The 
very bright, clear images are uncomfortable because the 
retina is unduly irritable, probably owing to the fact that it 
has become accustomed to large indistinct diffusion images. 
Moreover, much artificial astigmatism, and therefore distor¬ 
tion of the image, is produced by looking obliquely through 
strong glasses ; it is found to be most disconcerting to those 
who begin the use of glasses or have them much strengthened 
late in life. Very short-sighted people get into the habit of 
turning the head rather than the eyes to avoid looking 
obliquely through the glasses. Some high myopes can find 
their way about much better without any glasses. Contact 
glasses afford relief in cases where they can be borne. 

In very high myopia the requisite amount of convergence 
for near work may be impossible. Reading and other near 
work then becomes purely uniocular. Generally one eye is 
better than the other, and this eye is always used. The 
effort to maintain convergence under impossible conditions 
is soon given up, which results eventually in the disused eye 
becoming divergent. There are other factors which tend to 
cause divergent strabismus in myopia (vide p. 584). 

As regards hygienic measures in myopia, especially in, the 
young, near work, apart from being held in the proper position, 
should be restricted. It is particularly important that it 
should not be done too continuously. More work can be 
done, with less harm to the eyes, by the interpolation of 
frequent short intervals of rest. It is best to give precise 
instructions as to the amount and distribution of near work. 
The illumination must be good, but not too bright, and it 
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should come from behind and beside the patient’s head. If the 
light is bad there is a strong tendency to bring the book or 
work closer to the eyes in order to enlarge the retinal image. 
Reading in bed and stooping over near work must be forbidden. 

The education of young children suffering from high myopia 
presents considerable difficulty. Most of the teaching is oral; 
the school books are printed in large characters, and writing is 
taught with bold letters on a blackboard. The methods 
adapted in the London County Council “ myope classes ** are 
admirable for the higher degrees, but are liable to be overdone 
by enthusiasts. Great judgment is needed in the restriction 
of near work in school children with 8 to 10 D of myopia. 
They are often unusually intelligent, and it must be realised 
that extreme measures, such as abstention from all near work 
for two or three years, may ruin their future careers. 

If the eyes are irritable, or the myopia is progressing, com¬ 
plete rest is imperative. Atropine Bhould be instilled once a 
day for a prolonged period, tonics, especially iron and arsenic, 
should be given, and a change of air to the country, with 
plenty of healthy exercise, is desirable. Excessive muscular 
exercise, straining, and lifting heavy weights should be avoided. 

Operative treatment for high myopia. If an eye has axial 
myopia of 21 D, its length will be about 31 mm. {vide p. 533). 
If the crystalline lens of such an eye is removed, parallel rays 
will be focussed upon the retina without the intervention of 
any correcting lens, and the retinal images of distant objects 
will be larger than those of the emmetropic eye. Hence the 
extraction of the lens has been strongly advocated in high 
myopia. In completely successful cases the improvement 
is very great. The operation is, however, attended with grave 
dangers. The eye with high myopia is a diseased eye, which 
withstands operative measures badly. The vitreous is likely 
to be fluid and to contain opacities. The retina and choroid 
are probably diseased, and the tendency to detachment of the 
retina is increased by operation. No dogmatic rules can yet 
be given for the operation. I am guided by the following 
principles. (1) Only young patients should be operated 
upon; (2) the operation should be discission without subse¬ 
quent curette evacuation unless it becomes imperative on 
account of tension ; (3) there must be at least 15 D of myopia ; 
(4) the fundus must be fairly healthy ; (5) one eye only muBt 
be operated upon. The operation may be performed under 
less favourable circumstances if vision is so bad as to be 
useless, but such cases are rare. 
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Hypermetropia {Syn. — Hyperopia), or “far sight,” is that 
dioptric condition of the eye in which, with the accommoda¬ 
tion at rest, incident parallel rays come to a focus posterior 
to the light-sensitive layer of the retina. Hypermetropia 
may be due theoretically to any of the following conditions : 
— A. Abnormal shortness of the eye— axial hypermetropia. 
B. Abnormal curvature of the refracting surfaces— curvature 
hypermetropia : (a) too slight curvature of the cornea ; ( b ) too 
slight curvature of one or both surfaces of the lens. C. Ab¬ 
normal refractive index of the media— index hypermetropia: 
(a) too low index of the cornea or aqueous ; (6) too low total 
index of the lens, due to (a) too low index of the nucleus, 
O) too high index of the cortex, ( 7 ) both these causes ; (c) too 
high index of the vitreous. D. Abnormal position of the lens, 
i.e., displacement backwards. E. Absence of the lens— 
aphakia. F. A combination of the above abnormalities. 

As in myopia, the chief factor in clinical hypermetropia is 
abnormality in the length of the eye ; in this case the eye is 
too short. It must be remembered that a small eye, though 
too short, is not necessarily hypermetropic, since there may be 
uniform diminution of all the parts. This is, perhaps, most 
easily understood if a diagram such as Fig. 29 is considered ; 
if such a diagram is uniformly diminished, e.g., by photography, 
the parallel rays will still come to a focus on the retina. As 
a matter of fact hypermetropic eyes are almost invariably 
also smaller than normal, a fact which is of great pathological 
importance {vide p. 285). 

Curvature hypermetropia occurs commonly as a factor in 
astigmatism; it is almost unknown as a cause of spherical 
hypermetropia. Index hypermetropia accounts for the hypeT- 
metropia of old age {vide p. 53), and it is to be attributed to 
increased refractive index of the cortex of the lens. 

Hypermetropia rarely exceeds 6—7 D, which is equivalent 
to a shortening of the optic axis of 2 mm. Individual cases of 
much higher degrees, without other anomaly, such as coloboma 
or microphthalmia, have been recorded—up to 24 D. 

In the young the condition may cause no symptoms. When 
symptoms are present or arise, they are chiefly referable to the 
abnormal amount of accommodation to which these eyes are 
subjected, and to the lack of consonance between accommo¬ 
dation and convergence {vide p. 549). As has been pointed 
out, the healthy youth has an ample reserve of accommodation, 
and if he happens to be hypermetropic he accommodates for 
distant and near objects without bemg conscious of the act. 
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If he is weakly or does much near work the perpetual overaction 
of the ciliary muscle is likely to produce symptoms; the condi¬ 
tion is often called accommodative asthenopia or “ eye-strain.” 
The symptoms are noticed chiefly after reading, sewing, &c., 
especially in the evening by artificial illumination. The eyes 
ache and burn ; they may feel dry, so that blinking movements 
are more frequent than usual, or there may be Tacrymation. 
The conjunctiva and edges of the lids become red, and actual 
blepharitis may be caused. If near work is persisted in, head¬ 
ache, usually frontal, comes on. Typical migraine may 
occur. 

In young children hypermetropia is a predisposing cause of 
convergent strabismus (q.v.). In all cases latent convergence 
is often found in hypermetropes, though other forms of hetero- 
phoria may occur (vide p. 588). The presence of heterophoria 
increases the tendency to headache, &c. 

In older patients no symptoms may be caused until the 
power of accommodation has diminished to the extent that 
the far point is beyond the range of comfortable reading dis¬ 
tance. Near work has to be held farther off than usual in order 
to be seen clearly. The greater the degree of hypermetropia 
the sooner will this symptom arise. In other words apparent 
presbyopia commences at an earlier age than usual. It must 
be carefully borne in mind that hypermetropia predisposes to 
glaucoma (q.v.) in elderly people. 

Ophthalmoscopically the fundus may exhibit no abnor¬ 
mality. A bright reflex, suggesting the appearance of watered 
silk, is commoner in hypermetropic than in emmetropic or 
myopic eyes. The inferior crescent is also more common in 
these eyes than in others, as also abnormal tortuosity of the 
retinal vessels. In some cases optic neuritis is nearly simu¬ 
lated—pseudo-papillitis (vide p. 390). 

Anatomically the eye is shorter than normal in hyper¬ 
metropia : it is also usually smaller. The changes are not 
confined to the post-equatorial segment as in myopia. The 
diameter of the cornea is often reduced, and regular astig¬ 
matism is common. The anterior chamber is shallower than 
normal, owing partly to the normal size of the lens (vide p. 285). 
Little weight should be attached to the old observation that the 
circular fibres of the ciliary muscle are hypertrophied, the 
meridional atrophied in hypermetropia. No anatomical 
abnormalities are found in the retina, choroid or optic nerve. 

The new-born are almost invariably hypermetropic (mean 
2*5 D). In the first decadeB of life the hypermetropia curve 
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falls rapidly, remaining at about 60 per cent, after the twentieth 
year (Fig. 283). Hypermetropia shows no predilection for 
either sex. It is a well-known fact that savages are usually 
hypermetropic. The higher mammals, especially the carnivora, 
are hypermetropic. 

Treatment consists in prescribing the correcting glasses. 
Unless there are definite symptoms there is no reason for 
insisting upon the use of glasses in the young or middle-aged. 
In elderly people the hypermetropia must be corrected for near 
work: the ordinary presbyopic correction must be added to 
the hypermetropic correction, but care should be taken that 
these cases are rather under- than over-corrected ( vide p. 639). 

In young children the requisite correction is estimated under 
atropine, confirmed if possible by subjective tests.. The correc¬ 
tion, allowing for the effect of atropine upon the tone of the 
ciliary muscle (vide p. 516), is ordered for constant use or only 
for near work according to the severity of the symptoms. If 
the degree of hypermetropia is high the use of the glasses may 
be commenced while the child is still under the influence of 
atropine. In older patients with high hypermetropia it is often 
unwise to order the full correction at once. The ciliary muscle 
has been overworked so long that complete relaxation does not 
occur immediately. If the full correction is ordered the eye, 
with its contracted ciliary muscle, plus the glass, is made 
myopic : the patient cannot see clearly at a distance, and is 
liable to discard the spectacles. In these cases rather more 
than the amount of manifest hypermetropia should be ordered. 
The patient is told to return in three or six months, when 
stronger glasses are ordered, and bo on until the full correction 
can be borne with comfort. 

Astigmatism is that condition of refraction in which a point 
of light cannot be made to produce a punctate image upon the 
retina by any spherical correcting lens. The varieties of 
regular astigmatism have been already enumerated (vide 
p. 46). 

Regular astigmatism, the only form which permits of optical 
correction, invariably produces greater or less defect in visual 
acuity. It is particularly liable to cause the worst forms of 
asthenopia or “ eye-strain ” ; the asthenopia in these cases is 
only in part accommodative. It is often worse in the lower 
degrees of astigmatism than in the higher. This is probably 
due to the eye endeavouring so to accommodate as to produce 
a circle of least diffusion (mde p. 46) upon the retina. Aching 
of the eyes, severe headaches, and typical migraine are com- 
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plained of ; the eyes quickly become fatigued with reading, 
and the letters are described as “ running together.” 

Regular astigmatism is usually a congenital defect, due in 
most part to difference in curvature of the cornea in different 
meridians. It must be remembered that frequently the cornea 
is not alone at fault. Corneal astigmatism may be increased 
or partially corrected by lenticular astigmatism: hence the 
methods for correcting astigmatism, such as the ophthalmo¬ 
meter, &c., which are wholly dependent upon estimation of the 
corneal defect, are quite untrustworthy except in aphakia. 

Regular astigmatism may be traumatic, following a wound, 
usually surgical, in the coraeo-scleral margin. The contraction 
of the scar causes flattening of the cornea in the meridian at 
right angles.to the wound. The astigmatism due to this cause 
continues to alter for many weeks after the injury, so that 
glasses should not be ordered for at least six weeks. 

The higher degrees of astigmatism cause much lowering of 
visual acuity: this is usually least in mixed astigmatism, 
probably because the circle of least diffusion falls upon the 
retina. 

Treatment. In all cases in which astigmatism causes 
asthenopic. symptoms the full correction should be ordered for 
constant use, i.e., both for distant and near vision. If there is 
a high degree of hypermetropia or myopia, associated with a 
low degree of astigmatism, the effect of the cylinder upon 
distant vision should be tested. If it produces no appreciable 
improvement simple spherical glasses should be tried first. 
It should be remembered that glasses placed before the eyes 
only correct the refraction accurately when the visual axis 
passes through the optical centre of the lens. When the eyes 
are directed to one side the lenses also act as prisms, and further 
the lenses are tilted relatively to the eyes so that an astigmatic 
effect is produced. In the case of high spherical lenses the 
astigmatic effect is considerable, and may easily counteract 
or double the effect produced by a weak cylinder combined with 
the sphere. Hence weak cylinders are seldom of much use 
when combined with high spheres. 

In low astigmatic errors the instruction as to the use of 
glasses depends upon the amount of asthenopia. The relief 
of the discomfort experienced may not be worth the trouble 
of wearing glasses constantly. In these cases they should 
be ordered for near work only, and if this fails to eliminate 
the symptoms the advice should be given to wear them 
constantly. 
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Aphakia is the condition of the eye when the crystalline lens 
has been removed. The eye is extremely hypermetropic if it 
was emmetropic or had only a low grade of ametropia before 
removal of the lens. The hypermetropia, aB estimated by the 
correcting lens required when worn in the usual position, is 
about 10 or 11 D if the eye was previously emmetropic. 

The optical conditions of the aphakic eye are very simple. It 
consists of a curved surface, the cornea, separating two media, 
air and vitreous, of different refractive indices. Knowing the 
radius of curvature (8 mm.) and the refractive indices {1 and 
1*33), it is easy to calculate the focal distances. The anterior 
focal distance is 23 mm. and the posterior 31 mm., op compared 
with 15 mm. and 24 mm. respectively for the normal eye. If 
the aphakic eye were 31 mm. long parallel rays falling on the 
cornea would be brought to a focus on the retina and no correcting 
glass would be required for distance. It is easy to calculate the 
amount of axial myopia of a phakic eye which is 31 mm. long. 
It has been already pointed out (p. 121) that in the phakic eye 
1 mm. of elongation is equivalent to an axial myopia of 3 I). 
Therefore an elongation of 31 — 24 mm., i.e., 7 mm., equals 
21 D (vide p. 528). 

The retinal image of the aphakic eye is about a quarter larger 
than the emmetropic retinal image. Hence vision of 6/6 with a 
correcting glass after extraction is not quite so good as it 
seems. 

Accommodation is, of course, lost. The anterior chamber is 
deep, the iris tremulous, and there is often a coloboma of the 
iris upwards. In cases of doubt as to the absence of the lens 
the Purkinj e-Sanson reflexes from the lens surfaces should be 
sought. 

With the ophthalmoscope opacities will probably be found 
in the pupillary area, consisting chiefly of remnants of the lens 
capsule. They should be examined by oblique illumination, by 
the mirror, and by the direct method. If they are dense, 
discission is indicated before attempting to correct the refrac¬ 
tion ; if they are slight, the advisability of needling depends 
upon the amount of vision obtained with correction. 

In addition to the hypermetropia, there is always some 
astigmatism in those cases in which a corneal or corneo-scleral 
section has been made. If the section is in the upper part of 
the cornea, the astigmatism is against the rule ; i.e., the cornea 
is flattened in the vertical meridian. The astigmatism usually 
amounts to 2 or 3 D. It gradually diminishes, fairly quickly at 
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first and very slowly after the first few weeks, as the cicatricial 
tissue in the scar contracts. 

Treatment . The refractive error is determined by retino- 
soopy and by subjective tests. The ophthalmometer may 
afford help in these cases. Great patience is often necessary, 
for the patients do not readily accommodate themselves to the 
new optical conditions. A 10 or 11 D convex lens combined 
with a -f 2 or -f 3 D cylinder, axis horizontal, is about the 
correction usually required for distance. It should be remem¬ 
bered that the lens in the trial frame is usually farther from 
the eye than in well-fitting spectacles. With these strong 
lenses an appreciable error is introduced, and the spheres 
ordered shbuld be 0*5—0*75 D stronger than those which give 
the optimum result with the trial frame. The sphere must be 
stronger by 4 D for near work. A small amount of false 
accommodation can be obtained by slightly altering the dis¬ 
tance of the glass from the eye. The correcting glasses should 
not be ordered earlier than six weeks after the operation, both 
on account of the necessity of resting the eye and because the 
astigmatism changes rapidly during the first few weeks. 

If one eye only has been operated upon, the other being 
cataractous, reversible spectacle frames may be ordered. In 
them the bridge is horizontal, so that when the distant glass 
is being used the near glass is in front of the eye which has not 
been operated upon, and vice versa. Reversible frames, 
however, never fit very satisfactorily. 

The aphakic eye is specially liable to erythropsia (q.v.) and 
should therefore not be exposed to very bright light. 

Anisometropia is the condition in which the refraction 
of the two eyes shows a considerable difference. A slight 
difference is very common. The condition may cause asthe- 
nopic symptoms. All varieties and degrees of anisometropia 
occur. In the lower grades there is usually binocular vision, 
though it is imperfect. In the higher grades this is impossible 
without correction. Distinct vision is then uniocular, and there 
is some danger of the eye which is not used becoming divergent. 
If one eye is nearly emmetropic and the other myopic, the 
former may in some cases be used for distant, the latter for 
near, vision. 

Treatment. Correction of anisometropia offers many diffi¬ 
culties. It has already been mentioned that if correcting 
glasses are placed at the anterior focal plane of the eye, the 
retinal images in axial ametropia are the same size as the 
emmetropic retinal image. In practice the glasses are farther 
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from the eyes. Consequently with convex glasses the retinal 
image is enlarged, with concave diminished. In high grades 
of anisometropia, therefore, there will be a considerable 
difference in the size of the retinal images of the two eyes 
(i aniseikonia ). Patients find it difficult or impossible to fuse 
these sharp but diverse images. Moreover, on looking obliquely 
through the glasses the prismatic effect and the distortion are 
different in the two eyes, enhancing the discomfort. Contact 
glasses diminish these optical effects, and may be ordered in 
suitable cases. 

No universal rules can be given for the glasses which should 
be ordered. The following suggestions will generally be found 
to work well: If the. difference between the two eyes is less 
than 4 D, the full correction should be ordered for constant use ; 
they should be perseveringly worn for at least six weeks. If 
still they cannot be borne, it will probably be necessary to 
correct only the less ametropic eye for distance. 

In patients of less than twelve years of age the full correction 
should also be ordered for constant use, even if the difference is 
greater than 4 D. The more ametropic eye should be exercised 
alone, as in cases of concomitant strabismus (vide p. 580). Very 
often the treatment will fail, but it should be tried in the 
interests of binocular vision. It is almost certain to fail in 
older patients. 

When the full correction cannot be worn constantly and 
one eye is myopic, both eyes can often be made to work to¬ 
gether in comfort for near work by making each eye artificially 
presbyopic to the extent of half the difference between the two 
eyes. For example, suppose one eye is emmetropic and the 
other has 3 D of myopia, the patient will be most comfortable 
with -4- 1*5 D in front of the emmetropic, and — 1*5 D in 
front of the myopic eye for near work. 

The Correction op Errors op Refraction. 

The correction of errors of refraction has been already briefly 
sketched. It will be well, however, to outline the method to be 
adopted in systematically examining for and correcting these 
errors, and to indicate the requirements which should be 
satisfied by spectacles. 

If the patient is less than fifteen years of aye ,— 

(1) Test the distant and near vision, if the child knows his 
letters ; 

(2) Test the pupil reactions; 
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( 3 ) Test the muscular balance by the screen test (vide 
p. 553); 

(4) Examine the fundi with the ophthalmoscope. 

Then order uug. atropin®, 1 per cent., to be inserted with a 
glass rod, three times a day for at least three days. 

At the next visit— 

(1) Determine the error of refraction by retinoscopy ; 

(2) Thoroughly examine the fundus with the ophthal¬ 
moscope ; 

(3) Confirm the retinosoopy by subjective tests, if the child 
knows his letters; 

(4) Order the correction according to the principles enun¬ 
ciated in the paragraphs devoted to the respective types of 
refractive error. 

If the patient is between fifteen and twenty-five years of age, the 
same procedure should be adopted, but in many cases the pro¬ 
longed action of atropine so seriously interferes with the 
patient’s employment that it may be replaced by homatropine. 

If the patient is between twenty-five and forty ,— 

(1) Test the distant vision, the manifest hypermetropia, and 
the near vision; 

(2) Test the pupil reactions and the range of accommodation; 

(3) Thoroughly examine the eyes with oblique illumination 
and by the ophthalmoscope. 

If it is concluded that the defect is simply due to error of 
refraction, the further procedure depends upon the results of 
the subjective testing :— 

(1) If the vision is 6/6 and J. 1, with a low degree of manifest 
hypermetropia and few asthenopic symptoms, glasses may be 
ordered according to the amount of manifest hypermetropia 
(vide p. 531). 

(2) If the vision is less than 6/6 no Hm, but J. 1 is read 
fluently when the type is held closer to the eyes than normal, 
the patient has probably simple myopia. In general homa¬ 
tropine should be instilled, and the glasses ordered according 
to the retinoscopy and subjective tests under the mydriatic. 
The expert may feel justified in ordering glasses without using 
a mydriatic, judging by the subjective tests and his ophthal¬ 
moscopic examination, confirmed by retinoscopy without a 
mydriatic. 

(3) If the vision is less than 6/6, and 6/6 cannot be read with 
any spherical glass, or if some letters only of 6/6 can be read— 
letters with oblique lines, e.g., Z, being missed in that line and 
even in the other lines—the patient is probably astigmatic. 
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Homatropine should be instilled, and the refraction corrected 
by retinoscopy. 

If the patient is over forty , the examination will be exactly 
as for one between twenty-five and forty, except that pres¬ 
byopia must be taken into account, and greater care must be 
exercised in instilling a mydriatic. Presbyopia affects the 
distant vision in hypermetropes in such a manner that 
although 6/6 may not be read with the unaided eye, it may 
be possible with a convex lens. Its effect upon near vision is 
discussed elsewhere. It is of little use to test the near vision 
of a presbyope without the glass which is necessary to correct 
the presbyopia, since no useful knowledge is obtained. If the 
vision cannot be improved up to 6 /6 with a spherical lens, the 
patient is probably astigmatic, or has some disease of the 
eye, e.g. r incipient cataract. If ophthalmoscopic examination 
indicates merely the presence of astigmatism, homatropine 
(never atropine) should be instilled, but in every case in which 
this is done one drop of eserine , 0*5 per cent., is instilled into the 
eye before the patient leaves. After estimating the error of 
refraction by retinoscopy it is advisable to see the patient 
again after the effects of homatropine have passed off before 
ordering glasses for near vision. 

Spectacles. In children spectacles with large round or 
“ round oval ” “ eyes ” should be ordered, otherwise the child 
may look over them. 

In adults with astigmatism spectacles or rigid pince-nez 
must be ordered, never “ folders.” The latter are never to 
be recommended, and are absolutely contraindicated in 
astigmatism. 

It is very important that all glasses fit accurately. In distant 
glasses the lenses must be centred so that the optical centres 
are exactly opposite the centres of the pupils when the visual 
axes are parallel. Near glasses are decentred slightly inwards, 
and the lenses are tilted so that the surfaces form an angle 
of 15° with the plane of the face : they are then approxi¬ 
mately at right angles to the visual axes when the eyes are 
directed downwards in reading. 

Various forms of bifocal glasses are sometimes used. In 
them the upper part contains the distant correction, the 
lower part the near. If recommended, patients should be 
warned that they may experience some difficulty in going 
downstairs and so on, since objects on the ground will appear 
blurred when looking through the glasses and prismatic effects 
cause apparent displacement of objects. 



538 


DISEASES OF THE EYE 


If tinted glasses are desirable, e.g., in high myopia, albinism, 
&c., the correcting lenses may be tinted. For use in tropical 
countries Crookes’s glass (aide p„ 148) may be used* 

In cases of irregular corneal astigmatism and high myopia 
great improvement of vision occurs when a suitably curved 
glass meniscus is placed in actual apposition to the cornea. 
Such “ contact ” glasses cannot be borne in all cases and 
much perseverance may be required in their application and 
removal. They are not free from danger of causing ulceration, 



CHAPTER XXV 
Anomalies of Accommodation 

Presbyopia lias been already explained (vide p. 55). It is a 
physiological condition and therefore not properly included 
amongst anomalies of accommodation, it is convenient, how¬ 
ever, to discuss its clinical treatment here, since it is so nearly 
allied to the correction of errors of refraction. 

It has been shown that no convex lens of greater strength 
than 4 D should be ordered to correct presbyopia in the absence 
of hypermetropia; further, that the rule that a presbyope 
requires + 1 D for every five years after forty errs on the side 
of being a somewhat liberal allowance. Rather less, and never 
more, should be ordered. Some people, especially if they have 
hypermetropia, and therefore still stronger glasses for near 
work, have discomfort with their proper presbyopic correction. 
It is usually due to the absence of any stimulus, derived from 
the accommodative effort, to converge (vide p. 549). Theo¬ 
retically the visual axes should be parallel when the presbyopic 
correction is used. Convergence, however, is necessary in 
order that both eyes may see the near object. It may be 
eliminated by combining prisms, bases in, with the correcting 
glasses. 

In many occupations, e.g., bootmaking, carpentering, and 
so on, the work is held' at a greater distance than ordinary 
reading distance. The correction for work must theD be 
ordered according to the distance, a weaker glass being 
required for a distance greater than 22 cm. 

Myopes of course may require no glass for near work. Their 
presbyopic correction is estimated by the algebraic sum of 
their myopia and presbyopia. 

Paralysis of Accommodation, or cycloptegia, occurs in disease 
as well as from the direct action of drugs (cycloplegies) such 
as atropine and homatropine. Unilateral cycloplegia is gene¬ 
rally due to drugs (often through rubbing the eyes after using a 
belladonna liniment), contusion (vide p. 441), or to paralysis of 
the third nerve. Bilateral paresis, less commonly paralysis, is 
most frequent after diphtheria, but may oocur after debilitating 
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illness, influenza, syphilis, diabetes, tabes, cerebral disease, &c. 
Paresis of accommodation occurs as a premonitory symptom 
of glaucoma. 

In complete paralysis the sphincter pupillae is also generally 
paralysed, so that the pupil is widely dilated. In paresis the 
pupil may be scarcely at all affected, especially after diphtheria, 
but in this disease the reverse of the Argyll Robertson pupil 
may be met with, viz., loss of reaction to accommodation 
with retained reaction to light. The symptoms depend upon 
the condition of the refraction. If the patient is myopic, 
the defect may pass quite unnoticed ; if he is emmetropic, 
*near vision will be alone affected ; if he is hypermetropic, both 
distant and*near vision will be affected, but particularly the 
latter. In paresis it may be possible to diagnose the condition 
only by carefully measuring the range of accommodation. 

In diphtheritic cases the paralysis of accommodation follows 
the primary attack at an interval of several weeks, and is often 
associated with paralysis of the palate, loss of knee jerks, &c. 
The sore throat may have been very slight and its diphtheritic 
character unrecognised. The lesion is probably nuclear, 
either toxic or haemorrhagic, Cycloplegia in middle life 
should arouse suspicion of diabetes. It also occurs in chronic 
alcoholism. 

Paralysis of accommodation in children is liable to be over¬ 
looked owing to instillation of atropine for estimating errors of 
refraction without previously testing the near vision. 

The prognosis is good in cases due to drugs or diphtheria. 
In traumatic cases the condition may be permanent. 

Treatment is that of the cause. Post-diphtheritic cases 
should be treated with tonics, especially strychnine. When¬ 
ever the condition is bilateral near work can be carried on by 
using suitable convex glasses, as in the correction of pres¬ 
byopia. As a rule, however, the eyes should be kept at rest, 
so that it is inadvisable to order glasses. Miotics are some¬ 
times used, but they may do harm and seldom do good. The 
constant current may be tried. 

Spasm of Accommodation. It has already been mentioned 
that the ciliary muscle has physiological tone, which is 
abrogated by atropine, and is equivalent to about one dioptre. 
In some cases it is found that atropine produces a much greater 
effect. This can only be due to spasm of the ciliary muscle. 
It is found only in young patients, and, contrary to what 
might be expected, more often in myopes than in hyperme- 
tropes. In any case an actual or relative myopia is produced. 
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Spasm of accommodation is produced artificially by the 
instillation of miotics. 

In spontaneous spasm of accommodation there is nearly 
always some error of refraction. The eyes have usually 
been subjected to too much near work under unfavourable 
circumstances. The condition should not be diagnosed unless 
proved to be present by the use of atropine. 

Treatment consists in the use of atropine for several weeks. 
The amount of near work must be limited and carried out 
under good conditions, the error of refraction being carefully 
corrected. 
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DISORDERS OF MOTILITY OF THE EYE 

CHAPTER XXVI 

Anatomy and Physiology of the Extrinsic Ocular 

Muscles 

The internal rectus is inserted into the sclerotic about 5*5 
mm. to the nasal side of the comeo-scleral margin, the inferior 
rectus 6*5 mm. below, the external rectus 7 mm. to the tem¬ 
poral side, dnd the superior rectus 7-5 mm. above (Fig. 286). 


R.s. 



R.inf 


Fro. 286.—Lines of insertion of 
the recti muscles of right eye 
seen from in front. 



Fra. 287.—Lines of insertion of 
the superior oblique muscle 
and of the superior, external 
and internal recti of right 
eye, seen from above. 


The tendons are about 10 mm. broad. The origin of these 
muscles around the optic foramen is much to the nasal side of 
the posterior pole of the eye. It has been proved that when 
the extrinsic muscles act they turn the eye around a spot 
which is called the centre of rotation (Fig. 288). This spot is 
situated about 13*5 mm. behind the centre of the cornea. It 
lies in the same horizontal plane as the lateral recti. Con- 

64a 
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sequently when the internal or external rectus acts it rotates 
the eye horizontally inwards or outwards respectively around 
a vertical axis through the centre of rotation without any 
rotation about the horizontal axis. When, however, the 
superior rectus acts, it not only pulls the eye upwards, but also 
inwards, while there is some rotation of the cornea, so that the 
vertical meridian assumes a direction from above down and out 
(torsion). Similarly when the inferior 
rectus acts the eye is pulled down 
and in, the vertical meridian of the 
cornea being deviated so that it 
lies from above down and in (Fig. 

289). 

The oblique muscles are inserted 
into the sclerotic behind the level of 
the centre of rotation (Fig. 287). 

Their direction of action is from be¬ 
hind forwards and inwards. Hence 
the superior oblique pulls the eye 
downwards and outwards, the inferior 
oblique upwards and outwards. The 
mechanism is so arranged that when 
the superior rectus and inferior ob- fig. 288 .—Diagram of the 
lique act simultaneously the eye lines of action of the ex- 

moves directly upwards; ».e„ the 

upward movement caused by each Q f rotation. The arrowa 

muscle is summated, while the in- show the directions of 

ward movement and corneal rotation t? tlon of the muscles, 

of the superior rectus are exactly 1U i interna i rec tus ; 

compensated by the outward move- R.s. & inf., superior and 

ment and contrary corneal torsion of inferior recti; O.a., 

the inferior oblique. Similarly when fXkT/obUquel 16; 

the inferior rectus and superior ob¬ 
lique act simultaneously the eye moves directly down- 
wards. 

Every movement of the eyeball is a synkinesis (vide p. 565). 
In adduction not only does the internai rectus act, but also 
the superior and inferior recti, and it has been shown that the 
antagonistic muscles are not merely relaxed, but are actively 
inhibited. In abduction the external rectus and both obliques 
are in action. In elevation the superior rectus acts con¬ 
sonantly with the inferior oblique. In depression the inferior 
rectus acts with the superior oblique. The movements already 
described are all around three primary axes—vertical (move- 
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merits in and out), coronal (movements up and down), and 
sagittal (torsion)—which, pass through the centre of rotation. 
Still more complicated are the movements about secondary 
axes, i.e., axes passing through the centre of rotation in some 
other direction, such as movements up and in, up and out, 
down and in, down and out. 

Not only is there uniocular synkinesis : under normal cir¬ 
cumstances there is always also binocular synkinesis. Abduc¬ 
tion of one eye is accompanied by adduction of the other eye- 
conjugate deviation; elevation or depression of one eye is 
always accompanied by elevation or depression respectively of 
the other eye. The only exception to this rule is the bilateral 

R L 


Fig. 289.—Diagram of the lines of action of the extrinsic muscles upon 
the comese. (Elschnig.) R, right eye ; L, left eye ; T, temporal 
sides; N, nasal sides. The dotted lines show the torsional effects. 

adduction of the eyes in convergence. Elevation of both eyes 
is accompanied by slight abduction (divergence), depression 
by slight adduction (convergence). 

The oculomotor, or third cranial nerve, supplies all the 
extrinsic muscles except the external rectus and superior 
oblique; it also supplies the sphincter iridis and ciliary muscle. 
The superior oblique is supplied by the fourth nerve, and the 
external rectus by the sixth nerve. A thorough knowledge of 
the arrangement of the nuclei of the cranial nerves in the 
mid-brain and medulla, and of the course and relations of 
the nerves to their destinations, is requisite for accurate 
diagnosis of the seat of the lesion in cases in which they are 
involved. 

The third and fourth nuclei form a large continuous mass of 








